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ON THE EFFECT OF BILE ACIDS ON CARBOHYDRATE 
METABOLISM 


I. HYPERGLYCEMIC ACTION OF SODIUM CHOLATE 
AND DESOXYCHOLATE 


By ISAMU YANAGISAWA 


(From the Department of Physiological Chemistry and Nutrition, 
Faculty of Medicine, University of Tokyo, Tokyo) 


(Received for publication, January 8, 5958) 


A number of workers observed hypoglycemia following subcutaneous or 
oral administration of bile acids to animals (J-4) and human beings (5, 6) 
in quantities of several mg. per kg. body weight under either fasting or well 
fed condition. Morever, it was reported that the acids given to diabetic 
patients caused a decline of blood sugar level and a suppression of urinary 
excretion of glucose (5, 7). But the effect was not appreciable in the case 
of diabetes with severely damaged Langerhans’ islets (5) and in de- 
pancreatized dogs (3). From these observations it has been believed that 
bile acids stimulate the production of insulin. 

The author undertook to elucidate the mechanism of the hypoglycemic 
action of cholic acid and other bile acids by administration of larger amounts 
of the acids to rabbits subcutaneously, intravenously and in a few instances 
rectally. Contrary to the expectation, a hyperglycemic response, instead of 
hypoglycemic one, was observed when the dose of the acids was increased 
beyond a certain amount. The experimental findings will be briefly reported 
in this paper, but it is restricted to the cases observed in a short time after 
the administration, with the exception of three cases. 

Furthermore, still larger doses, 600 to 800 mg. per kg. body weight, gave 
rise to chronic hyperglyceima and the rabbits fell into diabetic conditian, 
as will be reported in the next paper. 


EXPERIMENTAL 


Animals—Male adult albino rabbits weighing 2.0 to 2.5kg. were fasted for 24 to 30 
hours before use. 

Analyses—Blood sugar was determined by Hagedorn-Jensen’s method and Roe’s 
anthrone method (8), and reduced glutathione in blcod by Fujita and Iwatake’s 
method (9). 

Sodium cholate and other bile acid salts were purchased from Minophagen K. K. 
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RESULTS 


The blood sugar curves following subcutaneous injection of sodium 
cholate in various doses are illustrated in Fig. i. In confirmation of the 
earlier workers the dose of 6mg. per kg. body weight caused a decrease of 
blood sugar as shown in Curve A. But when 43 mg. per kg. body weight 
of sodium chalate were injected hypoglycemia was not observed (Curves B 
and C) and with an increased dose of 87 mg./kg. the level of blood sugar 
showed a slight elevation. Similar results were obtained by administration 
of sodium desoxycholate as seen in Fig. 2. On the contrary, no definite 
hyperglycemic effect was seen when taurocholate, glycocholate or dehydro- 
cholate was administered (Fig. 3). 


BLOOD SUGAR (mg %) 


j 2 3 4 
Time (hours) 


Fic. 1. Blocd sugar curves following subcutaneous injection of various doses of 
sodium cholate in | per cent solution. 
A, 6mg./kg., Rabbit Ne. 7. B, 43 mg./kg., Rabbit No. 1.. 
C, 43 mg./kg., Rabbit No. 2. B’, 87 mg./kg., Rabbit No. 1. 
C’, 87 mg./kg., Rabbit No. 2. 
Experiments using the same animals were done with intervals of more than 
one week. 


The hyperglycemic effect of cholate and desoxycholate was also observed 
in rectal administration. Again, glycocholate revealed no effect on blood 
sugar level (Fig. 4). 

When the dose of sodium cholate was increased further to 300mg. per 
kg. body weight or more the animals previously fasted developed a 
marked hyperglycemia which lasted for over 48 hours in one case (Rabbit - 
No. 18) as illustrated in Fig. 5. In some experiments the animals were not 
fastad prior to the injection of cholate but fed on the usual stock diet. In 
these cases no appreciable hyperglycemic response occusred, even though 
large amounts of cholate were administered. For example, the Rabbit No. 
18 which had been fed ordinarily showed only slight elevation of blood 
sugar level after injection of cholate (Curve V in Fig. 5). After about one 
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BLOOD SUGAR (mg %) 
BLOOD SUGAR LEVEL (%) 


10 30 50 20 40 60 80 
TimeE { minutes ) TIME ( minutes) 

FIG. 2. Blood sugar curves follow- Fic. 3. Effect of various kinds of bile 
ing intravenous injection of various acids given intravenously on blood sugar level. 
doses of sodium desoxycholate in 1 per I, 50 mg./kg. sodium desoxycholate (1 per 
cent solution. cent), Rabbit No. 3. 

A, 10 mg./kg. Rabbit No. 2. UO, 86mg./kg. sodium cholate (1 per 
B, 30 mg-./kg., Rabbit No. 7. cent), Rabbit No. 5. 
C, 50 mg./kg.. Rabbit No. 3. IU, 50 mg./kg. sodium taurocholate (1 per 


cent), Rabbit No. 6. 

Ill’, 375 mg./kg. sodium taurocholate (5 
per cent), Rabbit No, 26. 

IV, 65 mg./kg. sodium glycocholate, (1 
per cent), Rabbit No. 5. 

V, 52 mg./kg. sodium dehydrocholate (1 
per cent), Rabbid No. 5. 


BLOOD SUGAR ( mg%) 


i 2 3 4 
TIME {€ hours ) 


Fic. 4. Hyperglycemia induced by rectal administration of 
various kinds of bile acids in 1 per cent solution. 

1, 65 mg./kg. sodium desoxycholate, Rabbit No. 5. 

Il, 200 mg./kg. sodium cholate, Rabbit No. 86. 

Ill, 200 mg./kg. sodium glycocholate, Rabbit No. 5. 

IV, Control, 40 ml. of physiological saline, Rabbit No. 5. 


week the same animal was fasted for 40 hours and then injected with sodium 
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cholate. In this case a marked and prolonged hyperglycemia was induced 
(Curve I in Fig. 5). Some of the animals died within a few hours after 


BLOOD SUGAR ( mg%) 


H 2 3 4 24 48 
e TIME (Chours) 


Fic. 5. Prolonged hyperglycemia induced by intravenous injection of large doses 
of sodium cholate in 5 per cent solution. 

I, If and III, 300 mg./kg. of sodium cholate were given to the Rabbits No. 18, 
13 and 11 which had been fasted for about 40 hours. IV and V, 300 mg./kg. of 
sodium cholate were given to the Rabbit No. 17 and 18 without previous fasting. 
VI, the same experiment with 400 mg./kg. cholate, Rabbit No. 16. 


BLOOD SUGAR ( mg%) 


! 2 3 4 
TIME ( hours) 


Fic. 6. Fatal cases after intravenous injection of sodium cholate. in 5 
percent solution. 


I, 300 mg./kg., Rabbit No. 10. II, 200 mg. of sodium cholate and 40 mg. 
of sodium desoxycholate per kg., Rabbit No. 14. III, 200 mg./kg., Rabbit 
No. 17. 


The mark x indicates the death of the animal. 


the intravenous injection of cholate. As shown in Fig. 6, a rabbit 
(No. 10, Curve I) given 300 mg./kg. cholate developed an appreciable 
hyperglycemia but two rabbits ‘No. 14, Curve II and No. 17, III) given 
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200 mg./kg. cholate did not. From these facts, the hyperglycemic response 
seems not to be necessarily associated with fatal outcome. 

In addition, the hyperglycemia following the administration of cholate 
was accompanied with a significant decrease of reduced glutathione in 
blood, which continued over several days after the injection of the bile acid, 
and the rabbits lost their body weight day by day in spite of plenty intake 
of the diet (Fig. 7). 
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1 2 3 4 
TIME ( hours) 


Fic. 7. Increase of sugar and decrease of reduced glutathione 
in blood following administration of sodium cholate. 
I, 300 mg./kg., Rabbit No. 26. II, 350mg./kg., Rabbit No. 27. 


DISCUSSION 


It is well known that an adequate dose of alloxan induces diabetic 
condition, but Kendall (JO) reported that a minor dose of less than 50 mg. 
per kg. body weight had no effect, 7.¢. no fluctuation of blood sugar in initial 
stage, no chronic hyperglycemia and no hyperlipemia following the injection 
of alloxan. Kass and Waisbreu (//) showed that alloxan diabetes was 
induced in higher percentage in the animals which had been fasted before 
use than in fed ones, and when glucose had been administered 6 hours 
before the injection of alloxan the development of diabetes was prevented. 
They attributed these findings, at least partly, to the lowered secretion of 
insulin in fasted animals as revealed by Best (12). The results presented 
here by the author seems to be in agreement with the foregoing works in 
the influence of dosage and of starvation. 

Recently, Ashmor and Hastings, as transmitted by Knox (3), 
observed that glucose-6-phosphatase was activated definitely by bile acids. 
This finding is very interesting because both bile acids and glucose-6- 
phosphatase are produced and contained only in liver cells (14). Cori 
and Cori (J/5) revealed that glucose-6-phosphatase was almost completely 
absent in glycogen storage disease (von Gierke’s disease) which was 
distinguished in high glycogen content in liver, heart, kidney and other 
organs, hypoglycemia in fasting state and lack of hyperglycemic response to 
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adrenalin. In contrast to glucose-6-phosphatase which hydrolyses the substrate 
in the physiological pH range (optimum pH=6.8), unspecific acid phosphatase 
and alkali phosphatase have practicolly no action on glucosephosphate at 
the physiological acidity. The activity of phosphoglucomutase, however, 
was not impaired in the glycogen storage disease. It seems that glucose-6- 
phosphatase liberates glucose into the circulating blood from glucose-6- 
phosphate of liver cells, thus controling the blood sugar level. . 

Starvation produces a marked increase of glucose-6-phosphatase in the 
liver as reported by Langdon and Weakley (/6) and by Weber and 
Cantero (/4). A similar increase of the enzyme in liver was observed 
also in alloxan diabetes by Ashmor, Hastings and Nesbett (17) 
and by Langdon and Weakley (J6). 

From these observations it might be presumed that under the condition 
of animal with low content of insulin and increased activity of glucose-6- 
phosphatase the administration of large quantities of bile acids would 
facilitate the liberation of glucose from liver into blood by the activating 
action of the bile acids. 

Administered bile acids may be trapped in liver cells (18, 19), but it 
has not been ascertained that the acids enter liver cell through cell membrane 
and act on glucose-6-phosphatase which is located condensedly around the 
nucleus (/4). However, other unknown factors may be involved in the 
mechanism of the hyperglycemia following administration of cholate, such 
as the damage of the pancreatic islet cells as will be reported in the next 


paper. 
SUMMARY 


1. Hyperglycemic response of rabbits to subcutaneous, intravenous 
and rectal administration of sodium cholate and sodium desoxycholate is 
described. 

2. The elevation of blood sugar level was more intensive in starved 
animals than in usually fed ones. 

3. A decrease of-reduced glutathione in blood was observed in the 
animals with hyperglycemia following the injection of cholate. 


The author wishes to express his thanks to Prof. H. Yoshikawa and Dr. M. 
Nakao for their support and encouragement. 


This study has been aided in part by a grant in aid from the Scientific Research 
Fund of the Ministry of Education. 
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STUDIES ON “ALKALIGENIC ACID”, A NUCLEIC ACID 
CONTAINING CONSIDERABLE AMOUNTS OF 
SUGAR-POLYPEPTIDE COMPLEX 
ISOLATED FROM A CERTAIN 
SPECIES OF ALCALIGENES 
FAECALIS 


I. PREPARATION AND CHARACTERIZATION* 


By SHUZO AKASHI, HANAKO YOKOI, anD HIDEO GOTO 


(From the Department of Biochemiotry, School of Medicine, 
Nagoya City University, Nagoya) 


(Received for publication, April 7, 1958) 


Recently we have found in a certain species of Alcaligenes faecalis a 
special kind of nucleic acid which is characterized by a high content of 
sugar-polypeptide complex to which for the sake of convenience has been 
given a temporary name ,,alkaligenic acid”. Various species of alcaligenes 
bacteria were searched for this peculiar substance, resulting, however, in 
negative results. It was isolated as a copper salt from the free nucleic acid 
fraction, z.e., the filtrate from the nucleoprotein precipitation of the micro- 
organism. After decomposition with sodium sulfide the copper salt was 
subjected for further purification to continuous paper electrophoresis which 
the authors had employed for the preparation of protein free nucieic acids 
from the nucleoproteins of a variety of bacteria (J). 


EXPERIMENTALS AND RESULTS 


Isolation of Alkali genic Acid—The bacterial cells were grown in an ordinary 
broth for 5 days, collected and extracted with ethanol-ether (1:1) and then 
with chloroform. 150g. of the defatted dry bacteria were ground throughly 
employing a stainless steel ball mill, and extracted with 2 liters of diluted 
acetic acid (pH 2.5). The residue from the acetic acid extraction was shaken 
with 3 liters of phosphate buffer of pH 6.6 for 4 hours. The slightly turbid 
supernatant fluid separated by centrifugation at 3,000 r.p.m. from the 
phosphate extract was further centrifuged at 14,000 r.p.m. for 30 minutes 
in the cold, yielding clear extracts. The combined phosphate extracts were 
brought to pH 2.4 with glacial acetic acid to give rise to the precipitation 
of nucleoproteins. To the filtrate from the nucleoproteins was added 20 


* The major part of this work was reported at the 27th Anniversary Meeting of the 
Japanese Biochemical Society held in Kyoto, April, 1955. 
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per cent copper chloride until no more precipitation occurred. Upon 30 
minute staiuding, the precipitate of copper salt was separated by centrifuga- 
tion, washed 3 times with water. The copper salt was suspended in a given 
amount of phosphate buffer of pH 7.7 which is the same as used for 
electrophoresis so that the suspension contains about 30 mg. of substance 
per ml. on a dry weight basis. Then it was decomposed by the addition 
of 20 per cent sodium sulfide, care being taken that the pH value of the 
reaction medium does not exceed 8.0. The whole mixture was centrifuged 


ALKALIGENIC CuS 
ACIO (light brown) 
(UV-absorption) 

Fic. 1. Separation of alkaligenic acid by continuous paper 
electrophoresis. 

The track run by alkaligenic acid can be traced as a dark 
zone reaching drip points No. 10-13 when the dried paper is viewed 
against ultraviolet light through a 253 my shortwave filter. The 
light brown colored zone extending between drip points No. 16-19 
is the track presented by CuS which has been retained in solution 
without forming a precipitate. However, none of ninhydrin positive 
area has been found anywhere on the paper. 

Experimental conditions: phosphate buffer of pH 7.7 and 
1=0.19; field strength, 400v; current, 60ma.; paper, Toyo filter 
paper No. 5A, 42x44cm.; rate of application, 30 mg./1 ml./3 hrs. 


to separate a clear supernatant solution from a dark precipitate of copper 
sulfide, the latter being washed 3 times with water by centrifugation. The 
supernatant combined with the washings was concentrated in vacuo ap- 
proximately to the initial volume of phosphate buffer employed. The 
concentrate was centrifuged at 14,000 r.p.m. for 30 minutes to obtain a clear 
solution and the latter was subjected to the separation procedure by con- 


tinuous paper electrophoresis. The chromatogram on paper curtain is 
indicated in the above figure. 
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The effluents from the drip points corresponding to alkaligenic acid 
were collected, dialyzed against distilled water in an ice box until entirely 
free from phosphate ion and the non-dialyzable portion was concentrated 
in a vacuum desiccator over NaOH and P.O; to a viscous solution. Upon 
addition of ethanol to the concentrate, the sodium salt of alkaligenic acid 
precipitated as a colorless fibrous matter. The precipitate was dissolved in 
water and upon addition of glacial acetic acid to the solution tree alkaligenic 


Pa Set ee Re See Layee Fates oe ary 


ascend. descend. 
_—_ CS ————______—--- 


Fic. 2. Electrophoretic pattern of alkaligenic acid. Sample 
solution, 15mg. of sample was dissolved in 0.3 ml. of phosphate 
buffer of pH 6.8 and I=0.1; current, 5 ma./0.3cm?.; duration of 
electrophoresis, 60 minutes. 


Fold Start line Fold 
-e— 10 cm-—>}<———__ 20 em. ——>} 


a ic 


BO! 


Fic. 3. Paper electrophoresis of alkaligenic acid. The substance 
moves towards the anode as a single spot visible when viewed against 
ultraviolet light through a shortwave filter. Samples applied, 100 
ug./0.01 ml.; paper, Toyo filter paper No. 51.; applied voltage, 
75 volts/cm. 

I: acetate buffer of pH 5.0 and 1=0.14. 

II: phosphate buffer of pH 7.3 and 1=0.16. 

III: borate buffer of pH 8.6 and I=0.08. 


acid precipitated at pH 1.6-1.8. The product was treated with absolute ethanol 
and ether to obtain a colorless amorphous substance, which weighed 1.1 g., 
corresponding to 0.78 per cent on a dry weight basis of defatted bacteria. 
Properties of Alkaligenic Acid—The following characteristics were established. 
N, 13.7 per cent; P, 82 per cent. N was measured by an improved 
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K jeleldahl-Nessler method (2) and P by the Fiske-Subbarow 
method (3). It is difficultly soluble in water. It dissolves in dilute alkali 


Emax. = 261 mp, ECP)9133 


6000 


Emin. = 236 mp 
E(P) 5990 


2000 


220 240 260 280 300 320 
WAVELENGTH ( mp) 


Fic. 4. Ultraviolet absorption spectrum of alkaligenic acid. 
Test solution, 100 yg. of specimen dissolved in 3ml. of 0.01 N 
NaOH. Hitachi’s spectrophotometer of EPB-U type. 


TABLE I 
Chemical Tests on Alkaligenic Acid 


Reaction Resale ee aa aC solution | Tek Sor 
Ninhydrin* sr 400 yzg./0.01 mi. (original sample) | Peptide or protein 
35 + 100 zg./0.61 mi. (total hydrolysate) 5 
Biuret = 1 me./0.5 ml. ss 
Protein-chloroform 3 
gel** _ 1 mg./0.5 ml. Protein 
Grenel HCl ie | 100 xg. /5 ml. Ribose 
Diphenylamine + 100 xxg./2 ml. Deoxyribose 
Urea HCl* _ 1 mg./0.01 mi. Ketose 
Ammoniacal AgNO,* - 500 pe./0.01 mi. Reducing substance 
Aniline hydrogen* 
phthalate ca 500 ug. {0.01 ml. 99 
Ash from 10 mg. of sampl ; 
SO, test | - | mate a es | Organic sulfate 
* Spot test. 9 


** Sevag’s method. 


and from the solution it precipitates isoelectrically at pH 1.6-1.8. Fig. 2 
and 3 show the electrophoretical homogeneity of this substance. 
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This compound has the ultraviolet absorbing power showing « (P) 9133 
at Emax. (261 mu) and ¢ (P) 5990 at E,in. (236 mp) as illustrated in Fig. 4. 
A number of chemical reactions were tested giving the results described in 
Table I. 


Detection of Individual Components 


Ribose—| mg. of material together with 0.1 ml. of 1 N HCl was heated 
in a sealed tube at 100° for | hour. 0.01 ml. of the hydrolysate equivalent 
to 100 yg. of material was subjected to paper chromatography using three 
different solvent systems, (1) n-butanol-acetic acid-water (4: 1:5), (2) phenol- 
1 per cent ammonia, (3) n-butanol-formic acid-water (12:1:7). A spot was 
obtained having the identity with p-Ribose in color reactions as well as Ry; 
values. 

2-Deoxyribose—10 mg. of material were taken in a small centrifuge tube, 
to which were added 4.0 ml. of DNase solution containing 2 mg. enzyme 
per ml. measured by the K unitz? s densitometric method (4), 6.0 ml. of 
acetate buffer of pH 6.0 and 0.4 ml. of 0.05 M MgSO, and the entire mixture 
was thoroughly mixed and kept at 37° for 10 hours. The reaction mixture 
was made alkaline to pH 9.0 with ammonia and 2ml. of Klein’s phos- 
phatase solution (5) was added and again incubated at 37° for 10 hours. 
The whole mixture after neutralization was boiled for 10 minutes and 
centrifuged. The supernatant fluid was deproteinized by the protein- 
chloroform gel method. The protein-free solution was concentrated to 
0.5 ml., brought to pH 1.5 with 2 N HC! and heated at 100° for exactly 12 
minutes. 0.05 ml]. of this solution representing 1 mg.-of material was subjectcd 
to paper chromatography using three different solvent systems and in each 
case a spot was revealed by an aniline hydrogen phthalate test as well as 
a diphenylamine test showing an Ry value identical with that of 2-deoxy- 
p-ribose from thymus DNA which was similarly treated and simultaneously 
run. 

Detection of Adenine, Guanine, Cytosine, Uracil, and Thymine—3 mg. of material 
were hydrolyzed in a sealed tube with 0.1 ml. of 70 per cent HC:O, at 100° 
for 1 hour. The hydrolysate was neutralyzed with conc. NaOH and brought 
to the total volume of 0.4ml. 0.02 ml. protions of this solution were applied 
to paper chromatography which was conducted in the manner described in 
the previous report (6). As shown in Fig. 5, five ultraviolet absorbing spots, 
having R, values identical with those of authentic samples of adenine, 
guanine, cytosine, uracil and thymine were observed. However, none of 
the spot indicative of 5-methIcytosine was revealed. 

For further confirmation each spot on the chromatogram was extracted 
with 0.1 VN HCl except for a guanine spot which was extracted with | V 
HCl. Respective extract was measured of the wave length of maximum 
absorption giving the results indicated in the following figure. 

Estimation of Molar Ratio of Purines and Pyrimidines—From the quantitative 
measurement of purines and pyrimidines performed according to the previous 
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work (6) the molar ratios of both bases were calculated giving the results 
shown in Table II. 


Thymine (0.42), Emax.=268 (264.5) mz 
Cytosine (0.36), 4, =275 (275) ,, 
Adenine (0.30), » © 263.5 (262.5) ,, 
Uracil (0.17), ~ =259 (259), 
<— Guanine (0.08), » =248 (249), 


Fic. 5. , Paper chromatograms of purine and pyrimidine bases 
isolated from alkaligenic acid. Five UV absorbing spots of nuclein 
bases are observable, figures in parenthesis denoting Ry values of 
the individual bases. The values of Emax. in parenthesis are those 
found for authentic specime.s. Ascending method. Solvent, 2z- 
butanol-0.5 V NH,OH (7:1). Paper, Toyo filter paper No. 5A. 


Taste II 
Purine and Pyrimidine Contents in Alkaligenic Acid 


Molar ratio on a P atom basis Actual 96 recovery 


| 
Nuclein } : 
j . on a N weight 
in . I* l** | basis 
= ee = : | 
Adenine | 28.8 LP.00y,, 31 | 29.4 
Guanine | 3722 | 1.31) Purine | 38.3 
Cytosine 21.3 | 0.75 13.2 
Uracil eo Wn ael gy 0-406 | 4.7 
Thymine ~~ | 1.7 6-017 yenmaing 0.7 
Actual total | | | 
recovery 76.3*** | 86.3 
! | 
é | 
Purine: i 
Pyrimidine | 2.00: 1.00 | 


* Molar ratios of bases per 100 g.-atoms of P in hydrolysate corrected for 
a 100 per cent recovery. 


** Molar ratios of bases expressed relative to the adenine value as 1.00. 


*** Sum of the actual values in mole of bases which are not corrected for a 
100 per cent recovery. 


Quantivative Estimation of DNA and RNA Contents 


Since it has been experimentally evidenced that alkaligenic acid contains 
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2 types of sugar, 7.¢., p-ribose and 2-deoxy-p-ribose, and 5 nuclein bases such 
as adenine, guanine, cytosine, uracil, and thymine, it appears likely to 
suggest that this substance comprises DNA and RNA as its molecular 
contents. From this viewpoint the attempt has been made to evaluate its 
DNA and KNA contents. In this evaluation, however, correction was made 
for observed values of DNA and RNA according to the formula reported 
in the previous paper (6). 

DNA—The procedure due to Seibert (7) was employed. 2.69 mg. of 
sample were dissolved in 0.1 ml. of 0.1 N NaOH and made up to a total 
volume of 10ml. with water. 2.0 ml. of this solution equivalent to 538 gg. 
of sample or 44.2 ng, of sample P were mixed with 4.0 ml. of diphenylamine 
reagent and the whole mixture was heated at 100° for 10 minutes. The 
resulting blue colored solution was measured of its optical density at 
Emax.=595 my. Since 44.2 pg. of alkaligenic acid P gave 11.8 wg, of DNA-P, 
the content of DNA-P in the sample is estimated at 26.7 per cent of the 
total P. 

_ RNA—The determination was conducted by the technique due to Kerr 
(8). 1.0 ml. of the solution the same as used for DNA estimation containing 
269 wg. of sample or 22.1 wg. of sample P was diluted with water to 5ml. 
and there were added 5 ml. of conc. HCl containing 0.02 per cent FeCl,-6H,O 
and 0.3 ml. of 10 per cent orcinol in ethanol. The mixture was heated at 
100° for 30 minutes to form a green colered solution, cooled under running 
tap water and made up with water to a total volume of [5mi. The optical 
density of the colored solution was measured at Enax.=670 my. The correc- 
tion due to the coexistence of DNA which also gives this color reaction to 
a small extent was made by subtracting 0.158 we. RNA-P per | wg. DNA-P 
from the total RNA-P value observed. Analysis showed that 22.1 ug. of 
alkaligenic acid P contained 11.2 ug. of RNA-P, the latter figure correspond- 
ing to 50.7 per cent of the total P of the specimen. 

Quantitative Estimation of Readily Hydrolyzable Phosphate—3.23 mg. of alkali- 
genic acid were hydrolyzed with 3ml. of 1 N HCl at 100° for 7 minutes 
and the hydrolysate was centrifuged. A known volume of the supernatant 
plus washings was neutralyzed with ammonia using p-nitrophenol as indicator 
and analyzed for P content according to the Fiske Subbarow method. 
82 wg. alkaligenic acid P liberated 12.4 ug. P, corresponding to 15.1 per cent 
_ of the total P. 


Liberation of Polypeptide in Combination with Ribose and Glucosamine 


The following three sets of experiments showed the presence of the 
polypeptide concerned. 

Experiment I (7 Minute-1 N HCl Hydrolysis of Alkaligenic Acid)—\5 mg. of 
material together with 1.0 ml. of 1 N HCl was heated in a sealed tube at 
100° for 7 minutes and the hydrolysate was centrifuged to remove insoluble 
matters. The supernatant solution was vacuum evaporated to dryness 3 
times with water and the dry residue was dissolved in 0.15 ml. of water. 
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0.03 ml. aliquots of this solution were subjected to paper electrophoresis, the 


result of which is given in Fig. 6. 

It is worthy of noticing that the polypeptide section 2 has been shown 
to be free of phosphate by a negative reaction of Hanes-Isherwood, 
and also free of the reducing radical of sugars by a negative aniline hydrogen 


phthalate reaction. 


Fold Start line Fold 
10 emn—>}<————. 20 cm. ————>| 


' 

1 2e. SD 4 

1 1 
| 068 @ ® 
QO} a ' 
tee 3 4 
@: Ninhydrin reaction. 
@: UV absorption. 


€: Hanes-Isherwood’s reaction. 
©: Aniline hydrogen phthalate reaction. 


Fic. 6. Paper electrophoresis pattern of 7 minute-1 N HCl- 
hydrolysate of alkaligenic acid. Both chromatograms I and Ii 
show several spots revealed by different dectecting methods. 

I: Six spots are visible; (1) glucosamine (ninhydrin reaction, 
aniline hydrogen phthalate), (2) polypeptide (ninhydrine reaction), 
(3) adenine, guanine (UV absorption), (4) ribose (aniline hydrogen 
phthalate), (5) cytidylic acid (UV absorption, Hanes-Isherwood 
reaction), and (6) H,;POQ, (Hanes-Isherwood reaction). Ex- 
perimental conditions; borate buffer of pH 8.6 and I=0.08, 17 
volts/cm., 2.3 mA,/cm., 2.5 hours, Téyé filter paper No. 51. 

Ii: Four spots are observed ; (1) glucosamine, (2) polypeptide, 
adenine, guanine, ribose, (3) cytidylic acid, uridylic acid, and 
(4) H,;PO,. Experimental conditions; phosphate buffer of pH 7.3 
and 1=0.16, 17 volts/cm. 2.1mA./cm., 2 hours, Téyé filter paper 
No. 51. 


Experiment 2 (Partial Hydrolysis of the Polypeptide Section\—Paper area 
corresponding to spot 2 in Fig. 6-I, i... the polypeptide section was cut off 
from three sheets of the unsprayed chromatograms obtained in the above. 
They were combined together, extracted with 15 ml. of N NH,OH at room 
tempeature. The extract, after filtering through a glass filter, was desalted 
by passing through ion exchangers IR-120 and IRA-410, and evaporated in 
vacuo to dryness. The residue was dissolved in 1.0ml. of 1N HCl and 
heated at 100° for 1 hour. The hydrolysate was evaporated in vacuo to 
dryness three times with water in a desiccatar over NaOH and OR Sie, 
remove excess HCI and the residue dissolved in 0.09 ml. of water. 0.0] ml. 
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aliquots of this solution were applied to paper chromatography in three 
different solvent systems with the results shown in Fig. 7. 

From the Ry values and the color reactions it appears likely that the 
peptide fraction are separable into three components, ribose, glucosamine, 
and polypeptide by partial acid hydrolysis. Actual proof for the presence 
of polypeptide has been established by the following experiment 3. 


A B C 
= 
wt 
= B 1 
ro) <= (0.78) 

1 > A . 
=|@lomr CF Ss QD R and FP 
be = ; 
= @ \06376 = = 
=|] QM lasnrpp 2 = 
S = 1 = 
oe 2 (O40)R. . = 1 2 
S 3 8 31 @ \o37) 6 
a4 = : 
= x} a = 
= ro) (0.20) = 
= a g PP and G 2 
oy & re) 


© :Aniline hydrogen phthalate reaction 

@ :Ninhydrin reaction 

R: Ribose , G: Glucosamine , PP: Polypeptide 

Fic. 7. Paper chromatograms of 1 hour-1 N HCl-hydrolysate of the 

polypeptide fraction extracted from the paper area corresponding to spot 
2 in Fig. 6-I. They were obtained by the ascending method using three 
different solvent systems. Figures in parenthesis denote individual R, values. 
It is remarkable that all the spot 1 in the three chromatograms gave a 
reddish coloration with aniline hydrogen phthalate characteristic of pentose, 
while each spot 2 gave a brown coloration with the same reagent. 


Experiment 3 (Total hydrolysis of the Polypeptide SectionN—A) Paper section 
containing spot 3 in Fig. 7-A or spot 1 in Fig. 7-C was cut off from eight 
sheets of the unsprayed chromatograms. The combined paper cutouts were 
extracted with 15 ml. of 0.1 VN NH,OH, the extract, after desalting through 
ion exchangers, was evaporated in vacuo to dryness and the residue was 
hydrolyzed in a sealed tube with 0.5 ml. of 6 N HCl at 100° for 20 hours. 
From the hydrolysate, excess of HCl was removed by repeated evaporation 
with water in a desiccator over NaOH and P:O;, and the final residue was 
dissolved in 0.08 ml. of water. A 0.05 ml. portion of the solution was applied 
to paper electrophoresis, giving rise to various amino acids of neutral, acidic 
and basic nature, as shown in Fig. 8. 

B) Paper section including spot 2 in Fig. 7-B was cut off from eight 
sheets of the unsprayed chromatograms, and the extract from the cutouts 
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was treated in a similar manner to the above and subjected to paper 
electrophoresis. In this case in addition to amino acids pincee sarc was 
detected, the data of which are illustrated in Fig. 9. 

The three sets of experiments 1, 2,and 3 mentioned above demonstrate 
that 7 minute hydrolysis of alkaligenic acid with | N HCl at 100° liberates a 
ninhydrin positive substance and this substnace by further hydrolysis with 1 NV 
HCl at 100° for 1 hour separates into ribose, POS os and polypeptide. 


Fold Start line Fold 


Fic. 8. Paper electrophoresis pattern of the total hydrolysate 
of the extracts from the paper area of ninhydrin positive spot 3 in 
Fig. 7-A or spot | in Fig. 7-C. Four ninhydrin positive spots are 
illustrated; (1) lysine, (2) neutral amino acids, (3) glutamic acid, 
and (4) aspartic acid. 

Experimental conditions: phosphate buffer of pH 7.3 and 
1=0.16; field strength, 17 volts/cm.; time of electrophoresis, 1.5 
hours; paper, Téyé filter paper No. 5A (3x40 cm.). 


Fold Start line Fold 
(os 15 cme 15 cm.——>| 


Fig. 9. Paper electrophoresis pattern of the total hydrolysate 
of the extracts from the ninhydrin positive spot 2 in Fig. 7-B 
indicating five ninhydrine positive spots ; (1) lysine, (2) glucosamine, 
(3) neutral amino acids, (4) glutamic acid, and (5) aspartic acid. 

Experimental conditions: the same as described in Fig. 8. 


Quantitative Estimation of the Total Amino Acids Present in Alkaligenic Acid— 
The procedure was the same as in the previous report (/). 9.71 mg. of 
sample gave 82.8 ug. of amino acids, leucine serving as a standard. Thus the 
quantity of ninhydrin positive compounds including amino acids and 
glucosamine was found to be 8.53 per cent. 

Detection of Individual Amino Acids in the Total Hydrolysate of Alkaligenic 
Acid by Papzr Chromatography—10 mg. of sample were hydrolyzed in a sealed 
tube with 1.0 ml. of 6M HCl at 100° for 20 hours. The hydrolysate, after 
removing excess HCl by repeated evaporation in vacuo over NaOH and 
P.O3; was taken up in 0.05 ml. of 0.005 HCl and the whole solution was 


subjected to two-dimensional paper chromatography. The result is indicated 
in Fig. 10, 
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—— = PhOH-H20 (60:20) (W) 


— > n-BuCH-HOAc-H,0 €4:1:5) (WI 
\ 

FyG. 10. Two-dimensional paper chromatogram of the total 
hydrolysate of alkaligenic acid showing 9 or 10 amino acids and 
glucosamine. Spray reagent, 1 per cent ninhydrin in z-butanol- 
phenol (90: 10); paper, Téyo filter paper No. 51. 


DISCUSSION 


It has been evidenced that alkaligenic acid is high molecular compound 
showing considerable homogeneity by the Tiselius electrophoresis method 
and consisting of three principal components of DNA, RNA and polypeptide. 
It contains polypeptide to such a high degree as 8.53 per cent on a dry 
weight basis. The polypeptide fraction which is of rather labile nature can 
be liberated in an appreciable quantity by 7 minute hydrolysis with 1 NV 
HCI at 100°. The liberation of polypeptide increases to a certain extent 
through continued hydrolysis up to about | hour, after which it is accom- 
panied by the splitting of amino acids from the polypeptide. 

‘Report has been made im the previous paper (/) that nucleic acid 
associated with polypeptide have been isolated from several microorganisms 
employing the same method and the content of polypeptide estimated was 
as low as approximately | per cent. 

The most characteristic features which differentiate alkaligenic acid 
from those microbial nucleic acids are; (1) its markedly higher content of 
polypeptide, (2) liberation of polypeptide in combination with ribose and 
glucosamine by mild acid hydrolysis with simultaneous liberation of inorganic 
phosphate. The sequence order and the manner in which these three 
components, polypeptide, ribose and glucosamine, are linked together and 
further with nucleic acid moiety are problems remaining to be elucidated 
by future studies. In the present state of our research no detailed informa- 
tion is available as to the linkage order of these components. However, 
theoretically three types of linkage order are possible ; (1) ribose-polypeptide- 
glucossamine, (2) ribose-glucosamine-polypeptide, (3) polypeptide-ribose- 
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glucosamine. Concerning the linking of this polypeptide complex with the 
nucleic acid moiety the presence of readily hydrolyzable phosphate bond 
should be taken into account. Assuming the presence of pyrophosphate 
bond it is very likely to suggest two types of linkage: 
(a) base—ribose—P—O—P—polypeptide complex 
P—O—P 
(b) base—ribose 
polypeptide complex. 

The former is a type conforming to the type of uridine diphosphate- 
glucosamine polypeptide involving labile phosphate (9). The latter belongs 
to a type in which the polypeptide and the nucleotide part may possibly 
possess a ribose molecule in common. Anyway, there seems to be no doubt 
that the polypeptide complex is attached to the RNA instead of the DNA 
moiety, on the ground that it possesses ribose as constituent and also that 
in the deoxyribose part ofthe DNA moiety there remains no free OH 
radical available for conjugation with the polypeptide complex. Combination 
of pyrophosphate group with the hydroxyl radical of serine present in the 
polypeptide which is considerably stable to acid hydrolysis may be excluded, 
since the polypeptide fraction liberated by 7 minute—1 N HC! hydrolysis 
was free of phosphate as stated before. 

With regard to the nucleic acid part of alkaligenic acid a few remarks 
will be given. As has already been indicated in Table II, the actual recovery 
in mole of nuclein bases on a P atom basis was found to be 76.3 per cent. 
The value seems to be significantly low compared with that obtained 
with ordinary nucleic acids, which the latter shows usually more than 96 
per cent. In terms of percentage recovery on a N weight basis the actual 
recovery of the bases gave a value of 86.3 and this value will exceed 95 if 
the polypeptide content of alkaligenic acid, 7.¢,. 8.5 per cent is considered 
in recovery calculation. These data may imply that the molar concentration 
of bases is somewhat lower with respect to the atomic concentration of P 
in the alkaligenic acid molecule, thus hereby too providing a favorable 
support for a pyrophosphate bond. 

The composition of bases seems to resemble that of the nucleic acids 
obtained from the nucleoprotein fraction of Alcaligenes of the same strain 
in that both are of a G-C type and charactirized by an exceedingly high 
content of guanine and an exceptionally low content of thymine. 

As to the biological significance of this unusual type of nucleic acid 
nothing can be said, but a mere speculation in the present state of study. 
This substance has been isolated from a special strain of alcaligenes bacteria. 
This may be an abnormal’product formed in the microorganism due to the 
deranged metabolism of nucleic acid induced either by an intrinsic or by 
an extrinsic factor. Here is one conjecture that this organism might be a 
variant strain involving a prophage and alkaligenic acid be a compound 
having genetically some relationsphip with the latter. The fact that both 
alkaligenic acid and the nucleic acid occurring in the same cells were 
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pronouncedly poor in thymine, points to the possibility that an increased 
demand for thymine might have been imposed on by some prophage 
production, thus bringing about the diminution of thymine content of the 
nucleic acid produced within the cells involved. 


SUMMARY 


1. In a certain species of Alcaligenes faecalis has been found to occur 
a special kind of nucleic acid referred to as alkaligenic acid. It is a high 
molecular compound of N 13.7 per cent and P 8.2 per cent, showing 
considerable homogeneity in electrophoresis. 

2. It contains about 8.5 per cent of sugar-polypeptide complex in a 
bound form which can be liberated by 7 minute—! N HCl—hydrolysis with 
simultaneous splitting of inorganic phosphate. The complex includes ribose, 
glucosamine and polypeptide, the latter comprising about 10 amino acids. 

3. The nucleic acid moiety is composed of both types of nucleic acids, 
26.7 per cent of DNA-P and 50.7 per cent of RNA-P of the total P and are 
characterized by a significantly high Content of guanine and a markedly 
low content of thymine. 
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In the previous paper (J), authors reported that protocatechuic, vanillic 
and 3-hydroxybenzoic acids were found as intermediary metabolites o 
catechin in the acidic fraction of the urine of rabbits administered (-++)- 
catechin. 

In this experiment, three substances were detected by paper partition 
chromatography in the neutral fraction of the urine. The isolation of these 
substances was thus performed using a large amount of urine of rabbits, 
administering a large amount of catechin, and two substances were isolated 
in crystalline forms, having m.p. 105-106° (G) and 145-146° (H) respectively. 
Another substance (F) was, however, unable to obtain as a crystalline state, 
because of its small quantities. 

From the results of elemental analysis and estimation of molecular 
weight, H was shown its molecular formula as C,,Hj2O, Color reaction 
and alkali hydrolysis indicated the presence of 3,4-dihydroxyphenolic group 
and a lactone ring. Thus 6-(3,4-dihydroxyphenyl)-7-valerolactone (II) was 
postulated for H. On the otther hand, G was shown as C,,H,.O; and its 
chemical properties were investigated as the same methods as in H, and 
chemical structure was posturated to be 6-(3-hydroxypheny]l)-7-valerolactone 
(I) for G. 

These substances were considered as intermediary metaolites of catechin 
and the precursors for protocatechuic, 3-hydroxybenzoic and vanillic acids 
‘which were reported in the previous paper. 


EXPERIMENTAL AND RESULT 


Paper Partition Chromatography—After removing acidic substances by shak- 
ing the ether extracts with sodium bicarbonate solution as reported in the 
previous paper, the ether layer was dried with anhydrous sodium sulfate. 

Ether was then removed and the residues were tested on paper partition 
chromatography using a filter paper of Toyo Roshi No. 50 and the mixture 
solution of water saturated benzene and acetic acid (9:1 by volume). 
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The colors were developed by spraying with a solution of diazotized 
sulfanilic acid and then followed 20 per cent aqueous sodium carbonate solu- 
tion by Bray et al. (2). Control experiments were carried out in the same 
method. Three spots wera observed by chromatography for the urine 
administered catechin, whereas no spot was observed in control. The R; 
values and color reaction of these neutral substances were shown in Table I. 


AEE ST oss Le I 
Spots eee ee reactions Se ieeatiSes | URPSMRIEES 'y values 
en 0.96 
+= Yellow ier 0.75 
Ha Red-purple then 0.14 


black-brown | 


Isolation of Neutral Substances in Crystalline States—To isolate the substances 
corresponding to spots of F, G and H in the paper chromatography described 
above, 20 rabbits (2-3kg. weight) were given 0.6g of catechin per lkg. of 
body weight a day for one week with Okara, and 32.4 litets of urine was 
collected by previous method. The urine was saturated with sodium chloride, 
extracted once with an equal volume of ethyl acetate and then with a half 
volume. Each ethyl acetate layer was combined, dried with anhydrous 
sodium sulfate and concentrated to 500ml. The solution was then shaken 
with 30 per cent aqueous ammonium carbonate solution, by which acidic 
substances were separated, dried with anhydrous sodium sulfate and 
evaporated. An amorphous residue was obtained. On keeping over night 
at room temperature, it partially solidified. To this fraction 50 ml. of ether 
was added and the residues were mixed well with ether. By filtration the 
crystalline substances were separated and washed with a small amout of ether. 
The crystalls were decolorized with charcoal and recrystallized from water. 
Recrystallization was repeated from a mixture of ethanol and benzene (1:9 
by volume). White needle crystalls were obtained, m.p. 145-146°. Yield 0.6 
g. The supernatant was evaporated and residues were decolorized with 
charcoal. Recrystallization was repeated from water and then from benzene 
in the same way. White plate crystals were obtained, m.p. 105-106°. Yield 
1.2 ¢. 

The substance of spot F was however not isolated in crystalline state 
because of its small quantities, even using a column chromatography with 
cellulose powder. 

Rotation—These compounds were optically active like as (+)-catechin. 
Canis ; G=32.8°, H=25.7°. (in absolute ethanol) 

bE Rie Weights—Results (by K. Rast’s method) were shown in 
Table IT. 

Elemental Analysis—Results were shown in Table III. 
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Taste II 
Crystals | Sample (mg) |Campher (mg)! T (°C) uae 
red 8 weig 
5.205 | 8.7 187 
G ws ee ee a a 
3.955 | 9.8 194 
3.450 | 9.5 202 
lei ea 
3.815 11.0 207 
k=39.0 
Taste III 
SS a a A | a a Ona Ap [le Tee. eS [ees 
Crystals Sample (mg.) CO, (mg.) H.O (mg.) C (9%) H (%) 
3.960 9.993 2.210 68.87 6.25 
G —————S a 
8.208 
4.151 
H . ee ee 
| 3.477 


Molecular Formula—The molecular formulas were given for G and H as 
Cy,H,253 and C,,;H,2,O, respectively, from the results of molecular weight 
determination and elemental analysis shown in Table IV. 


TasBLe IV 
Formular | M. W. C (2) H (%) 
C1:H20; 192.12 | 68.76 6.25 
C1,H,,0, 208.12 .| 63.45 5.81 


Color Reactions—The neutral substances gave color reactions with diazotiz- 
ed sulfanilic acid and sodium carbonate as described, above, and this fact 
indicated that they belonged to phenolic compounds. The substances were 
tested moreover specific color reactions for ortho-diphenolic compounds as 
follows ; 

Crystalline substance H. 

a) Ferric chloride; Blue-green color was demonstrated and then turned 
brown. By the addition of alkaline solution, it turned red. 

b) Phosphomolybdic ammonium; Red color was shown with aqueous solu- 
tion. 

c) Phosphomolybdic acid; The color was blue. By the addition of aqueous 
ammonium solution, it turned blue-green. 

d) Alkaline solution; The color was red, indicating 
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HO 
HO? \—cH: CH-CH, 


or 


Hof TS _CH,CH.CH; 


type. (3). 
€) ee with lead acetate; By addition of concentrated lead acetate 

solution, precipitates appeared (4). 

f} Fichten Span reaction; The reaction was negative, indicating no 
phloroglucin ring. 
Crystalline substanc G. 

It showed no such specific reaction of 3,4-dihydroxyphenolic compound 
as crystalline H. It seemed to be a monohydroxyphenolic compound. No 
phloroglucin ring was detected. 

Presence of Lactone Ring—These sdbsemce were dissolved in excess N/10 
sodiumhydroxyde solution by heating and after cooling sodium hydroxyd 
remained was titrated with N/10 sulphuric acid. One mole of alkali was 
consumed in both cases. By heating with conc. alcoholic ammonia solution 
these gave acid amides. These facts indicated the presence of lactone ring. 

The lactone hardly gave anilide and phenylhydrazide by treatment with 
aniline and phenylhydrazine respectively, thus the formula of the lactone 
may be considered 7-lactone like nature. 


DISCUSSION 


From the results of elemental analysis and the estimation of molecular 
weight, the crystalline G was considered as C,,H,2O3 and H as C,,Hyj2 Oy. 
In addition, color reactions suggested that G is a monohydroxyphenolic 
and H is a 3,4-dihydroxyphenolic compounds. Concerning the substitution 
position of hydroxyl group in G, 3-position was likely considered, scince a 
large amout of 3-hydroxybenzoic acid was excreted by the administration 
of catechin and 3-hydroxyphenolic compounds known to be derived from 
3,4-dihydroxy phenolic compounds (5). 

Two other oxygens were considered to form, a lactone ring, and the 
lactone seemed to be 7-lactone, considering from its stability and the chemical 
structure of these two compounds, were thus similar and the difference was 
probably only due to the number of hydroxyl group. 

From the results obtained, following chemical structure were thus 


posturated ; 
G= | Ho 7 poe SenGH 
| 
NZ Oo aCH, Cit 
Wwe 


He HOY \_CH.—CH——CH, 
I 1 
HO\/ O , «CH, (an) 
\G7 
o 


considering from their chemical structure, the benzene rings of these sub- 
stances which found in the urine seemed to be derived from the side ring of 
catechin. As reported in the previous paper, the side benzene ring of 
catechin is relatively stable, whereas pyron and phloroglucine rings tend 
easily to rupture. The carbons marked with in above formula are considred 
to be derived from the carbon of phiorogicin ring. 

The chemical structures of F, G and H have been further investigated 
in detail in our laboratory. 


SUMMARY 


1. From the urine of rabbits administered (+-)-catechin, three neutral 
substances (F, G and H) were recognized by paper partition chromatography 
and these substances regarded as intermediary metabolites of catechin. 

2. Amoung these three substances, G and H were isolated in crystalline 
states and their chemical structure were posturated as 6-(3-hydroxyphenyl)- 
¥-valerolacione and $-3,4-dihydroxypheny])-7-valerolactone respectively. 


The authors are grateful to M. Shido fo- bis kind helps of elemental analysis. 
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It is a generally believed fact that glucose is the main energy supplying 
substrate for the brain activity. Glucose is thought to be metabolized 
through the glycolytic route and the tricarboxylic acid cycle in brain slices 
which are prepared without disrupting the majority of cell structures and 
represent rather truly the metabolism in living brain. Recently, Beloff- 
Chain éé ai. (1) found that the uniformly labelled C“-glucose metabolized 
in brain slices is partly converted.into amino acids, of which glutamic acid 
is quantitatively the most important. 

In the present work the distribution of C™ from uniformly labelled 
glucose in brain slices under the various conditions including the influence of 
some inhibitors, was studied using the radio-paperchromatography technique. 
Glutamic acid was thought to function possible as a gate to the amino acids 
to be formed from glucose, because glutamic acid was most resistant to 
inhibitors. 


MATERIALS AND METHODS 


Animals and Incubation—Guinea pigs, weighing 200-300 g. were used throughout. Glucose 
uniformly labelled with C'* was obtained from the Radiochemical Centre, Amersham, 
England. The specific activity was about 60 uc/mg., varying slightly from batch to batch. 
All chemicals used were reagent grade and were used without further purification. Pre- 
paration of cerebral cortex slices and conditions of incubation were almost the same as 
those previously described (2, 3). About 100mg. of brain slices were incubated under 
pure oxygen in 1.5 ml. of the phosphate medium containing 100 mg. per cent of glucose. 
To each vessel 10 uc of C!#-glucose was added. The incubation was 90 minute duration 
at 37’. At the end of the incubation period, the brain slices were removed from the 
incubating vessels, blotted of filter paper and then rapidly transferred to 1 ml. of 75 per 
cent ethanol and homogenized in a Potter’s homogenizer. Aqueous ethanolic extract 
was prepared according to Awapara (#). 

Pap:rchromatogr phy and Radioaxtographs—O.13-0.15 ml. samples of the extract, correspond- 
ing accurately to 50mg. of brain slices, were transferred to sheets (40x40 cm.) of Toyo 
filter paper No. 51 (Toyo Roshi Kaisha, Ltd.) by means of a special micropipette, drying 
immediately by a current of warm air from a hair-drier. 0.05 ml. samples of the incubation 
medium were similarly transferred to sheets of 4x40cm. The solvent employed for one- 
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dimensional development $f samples of the incubation medium was solvent 1. Two- 
dimensional chromatograms were run first in solvent 1 and then in solvent 2, or first in 
solvent 3 and then in solvent 4. The chromatograms were run in all-glass vessels at 20°. 
The following solvents were used (J). 

Solvent 1: 2-butanol 40 ml., acetic acid 10 ml., water 50 ml. 

Solvent 2: ért.-butanol 80 ml., picric acid 4g. water 20 ml. 

Solvent 3: z-butanol 40 ml. ethanol 20 ml., water 10 ml. 

Solvent 4: phenol 80 ml., water 20 ml. 

After the developed chromatograms were allowed to dry, they were placed in contact 
with a X-ray film (Fuji industrial X-ray safety film, type 200, high contrast, non-screen 
type) in a specially made light-tight frame for 3-5 days according to the solvents used. 
The films were developed by a high contrast developer (Fuji Rendol) for 5 minutes at 20°. 


RESULTS 


Fig. 2 and 3 show the typical radioautographs obtained from an extract 
of brain slices after aerobic incubation with C'-glucose in the phosphate 
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Fic. 1. Radioautograph of sample of the medium after incubating brain slices 
with C'4-glucose under various conditions. 


L-Glutamic acid, KCl or inhibitor was added at a following concentration (per 
liter): 2,4-Dinitrophenol (DNP), 5x 10-5 M; Glutamate, 10-2. M; K-Effect, 10-! 


KCl; lodoacetic acid (IAA), 10-* M; Fluoride, 10-? M; Arsenite, 5x 10-5 M; Azide, 
10-3 Af ; Malonate, 10-? M. 


medium. Each spot of the chromatogram was identified by comparing its 
Ry value with that obtained witn pure samples of known substance run in 
the same conditions and also by referring to its reaction with ninhydrin. 
As shown by Beloff-Chain et al. (1), the spots corresponding to glutamic 
acid, glutamine, 7-aminobutyric acid, aspartic acid and alanine were detected 
It seemed that glutamic acid was quantitatively the most predominant. 
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The glucose metabolism of brain slices is very much affected by varying 
the composition of the incubation medium. Addition of 10-'A¢ KCI causes 
a pronounced increase in the oxygen uptake, the glucose consumption and 
the lactic acid formation (3). The increase of lactic acid formation is easily 
seen in Fig. 1. The influence of the addition of 10°‘ 44 KCI on the 
distribution of C‘ is demonstrated in Fig. 4. The formation of the free 
amino acids from glucose by brain slices also seemed to be increased; 
especially glutamine was much more formed in K-rich medium. Sodium- 
free condition showed a similar effect on amino acid formation. 

As shown in previous work (5, 6), the addition of t-glutamic acid 
{10-* M) or 2,4-dinitrophenol (DNP) (5x 10~°> M) also increases the matabolism 
of brain slices. Glutamic acid (10°? M) did not suppress, but rather 
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Fic. 2. Radioautograph Fig. 3. The same as Fic. 4. The effect of 
of aqueous ethanolic extract Fig. 2. adding KC! to the medium 
of brain slices incubated aero- The chromatogram was at a concentration of 
bically with C'*-glucose-. developed first in 2-butanol- 107! M. 

The chromatogram was ethanol and then in phenol. The chromatographic 
developed first in z#-butanol- technique was the same 
acetic acid and then in feré- as Fig. 3. 


butanol-picric acid. 


enhanced slightly the formation of amino acids. DNP, at the concentration 
used (5x10-> M), decreased clearly the formation of amino acids, in spite 
of increasing the glucose consumption and the lactic acid formation (Fig. 7). 
But the formation of glutamic acid and Y-aminobutyric acid was rather 
resistant to DNP. 

Under anaerobic condition it was found that the lactic acid formation 
was very much increased (Fig. 1), and on the two-dimensional chromatogram, 
there was no spot besides glucose and lactic acid. 

Effect of some metabolic inhibitors on brain slices was previously studied 
by measuring not only the oxygen uptake, but also the glucose consumption 
and the lactic acid formation (6). The metabolism of brain slices was 
sensitive to many known inhibitors of the glycolytic route and the citric 
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acid cycle, at a rather low concentration. The effect of some of them 
on the formation of amino acids was shown in Fig. 5 and 6. Iodoacetic 
acid (IAA) (10-4 M) and fluoride (10-? M4) reduced the lactic acid formation ; 
the spot of lactic acid was not detected almost completely (Fig. 1). Arsenite 
(5x 10-5 M), azide (10-* 4), and malonate (10-2 M) increased the formation 
of lactic acid (Fig. 1). Under the influence of arsenite, the spot of pyruvic 
acid was found. In generally speaking, the formation of amino acids besides 
glutamic acid was very sensitive to metabolic inhibitors. In the presence 
of IAA, fluoride or azide at a concentration presently used, no spot was 
found besides that of glutamic acid and of aspartic acid. Malonate and 
arsenite did not inhibit completely the formation of Y-aminobutyric acid. 
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FIG. 6. Radioautograph 
of aqueous ethanolic extract 
of brain slices showing the 
effect of 
(10-4 M). 
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FIG. 7. Radioautograph 
of aqueous ethanolic extract 
of brain slices showing the 
effect of 2,4-dinitrophenol 
(5x 10-5 M). 


One hour after injecting C'-glucose intracysternally, the guinea pig was 
killed and the extract of brain tissue was prepared as usual. The radioauto- 
graphic pattern was almost the same as that obtainen iz vitro after incubation. 
From these animals the brain slices were prepared as previously described 
and incubated without further addition of C"™-glucose in the presence of 
inert glucose at a 10-?M concentration or in the absence of substrate. 
In conformity with previous findings (2), the spot of glutamic acid was. 
much reduced after incubation without substrate comparing with that after 
metabolizing inert glucose as substrate. 


DISCUSSION 


_According to the investigations by Beloff-Chain ef al. (1), the 
amino acids are not formed at all in muscle from glucose after incubation 
under similar conditions, and there is a striking difference between the iz 
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vitro pattern of glucose metabolism in muscle and that in brain. The 
formation of amino acids from glucose would be a peculiar phenomenon to 
brain tissue. They also pointed out the importance of glutamic acid; first, 
glutamic acid was quantitatively the largest, and second, it was already 
formed after only 3 minute incubation. In the present work many of the 
findings of Beloff-Chain et al. (1) were confirmed. 

Amino acids would be formed in brain slices through the aerobic 
metabolism of glucose by means of an energy-coupling mechanism. Amino 
acids were not formed under anaerobic condition, and were much reduced 
in the presence of DNP (Fig. 7). Addition of KCl at a concentration of 
100 mM increased the P* incorporation into phosphate fractions of brain 
slices (5). It also accelerated the formation of amino acids as shown in 
Fig. 4. These observation suggested the necessity of energy-coupling me- 
chanism for the amino acid formation in brain slices.) Many known 
inhibitors of glucose metabolism also inhibited the formation of amino 
acids, although some of them increased the glucose utilization and the lactic 
acid formation. Among amino acids formed from glucose, glutamic acid 
seemed to be most resistant to the action of inhibitors. This observation, 
together with the findings by Beloff-Chain é al. (1) on the importance 
of glutamic acid, suggested a central position of glutamic acid in brain 
metabolism. 

Glutamic acid might function as a gate for the formation of amino 
acids from glucose in brain slices, that is, it might play a connecting role 
between the metabolism of glucose and of amino acid. These considerations 
are of interest in relation to a general belief that the concentration of 
glutamic acid in brain is changed reflecting the functional state of brain 
(7). Also, glutamic acid is thought to be a possible source of ammonia 
which is more formed in the excited conditions of animals, basing upon 
the analyses of ammonia formation in brain slices. Previous observation 
(2) on the relation between glutamic acid content and ammonia formation 
in brain slices, obtained from the chemical analysis, was confirmed from 
the present data, obtained using the slices labelled in vivo. 

The fact that the distribution of C™ in amino acids in brain of animals 
injected intracysternally with C**-glucose was similar to that obtained in 
vitro with brain slices, shows the usefulness of brain slices as an experimental 
preparation for analysing the metabolism in living brain. 


SUMMARY 


l. The distribution of C'* from uniformly labelled C™-glucose incubated 
aerobically with brain slices for 90 minutes was studied using the radio- 
paperchromatography technique. 

2. Effects of various conditions and some metabolic inhibitors which 
change the glucose metabolism of brain slices upon the pattern of radio- 
autograph was investigated. 
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The formation of amino acids from plucose was clearly inhibited 


by metabolic inhibitors of the glycolytic route and the citric acid cycle. 


4. 


Glutamic acid was thought to function possibly as a connecting 


gate between glucose metabolism and amino acids in brain tissue. 
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Hexokinase is considered to be one of the most important enzymes 
involved in the sugar and the energy metagolism in various organs and 
tissues owing to the fact the monosaccharides join in the metabolic current 
only when this sugar is converied to phosphate ester after receiving terminal 
phosphate from ATP by the catalytic action of hexokinase; and since 
glucose is the sole source of energy in the brain (/-//), the importance of 
the enzyme hexokinase is worthy of a special consideration (/1). 

Hexokinase of the brain, as has already been pointed out by us (JJ), 
differs from hexokinase of other tissues and organs not only in specificity 
against substrate but also in the position (1/3) of phosphorylation; and 
reports about several other properties differing from those of hexokinase in 
other organs have been made by various investigators. Among these reports, 
Long (/4) describes that the hexokinase activity of the brain is far greater 
than hexokinase acitvity of any other organ. ‘This point is, as stated 
previously, extremely interesting when it is considered in connection with 
the fact that the brain relies solely on glucose as its main source of energy. 

On the other hand, 7-aminobutyric acid, being one of amino acids, is 
now believed to exist in free state in the brain and to have an intimate 
relationship with function of the brain, as described reviews by Roberts 
(15) and by us (J6). As for the action of 7-aminobutyric acid besides its 
power to accelerate tissue respiration, its influences on enzymes such as 
acetylcholine metabolism (19), histaminase (20), and tyramine oxydase (2/) 
are known. In this connection, I have studied the acceleration of hexokinase 
activity in the brain and heart muscle by 7-aminobutyric acid as well as by 
the substrances possessing a similar chemical structure, and having obtained 
somewhat satisfactory results in clarifying chemically and structurally these 
actions on enzyme, the results are described herewith. 


MATERIALS AND METHODS 


Experimentol Materials—-The cerebral cortex and the heart muscle of, normal rabbits 
weighing 2-3 kg. (male and female) were employed as experimental materials. 
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Experimental Substances—z-aminobutyric acid manufactured by Daiichi Kagaku Yakuhin 
K.K. was recrystallized several times and used for the experiment (m.p. 201°). By my 
own method (22) 7-amino-a-hydroxybutyric acid was synthesized from y-aminobutyric acid 
with the melting point of 191-192°. 7-amino-8-hydroxybutyric acid was donated by Prof. 
Okumura of the Department of Psychiatry, Okayama University Medical School. N- 
acetyl-y-aminobutyric acid was synthesized by my method (22) (m.p. 126-7’). d-amino-n- 
valeric acid was synthesized by Wallach’s (23) method (m.p. 154°), 8-Alanine of 
m.p. 197° (decomp.) of Ishizu Seiyaku, Ltd., and 2-butylamine of Wako Pure Chemical 
Industries, Ltd. (b.p. 77”) respectively were used. 

Determination of the Hexokinase Activity—The determination of the hexokinase activity 
was carried out by Long’s method (/4). Namely, 1.0 per cent KC] homogenate containing 
10 per cent tissue was added to experimental substances, 0.2 ml. of 0.01 Af glucose, 0.4 ml. 
of 0.02 M ATP, 0.1 ml. of 1M NaF, 0.1 ml. of 0.24 MgCl, 0.5 ml. of 0.2M Tris-HCI 
buffer (pH 7.0) and 0.4ml. of additional substance or 0.4 ml. of water with 1.0 ml. of 
brain or heart muscle homogenate, and these were incubated at 37.5° exactly for 20 
minutes. Then after stopping the reaction with Ba(OH),—ZnSO, (24) and eliminating 
protein at the same time, the quantity of glucose contained in filtrate was measured by 
Somogi-Nelson’s method (25, 26) and the amount of glucose consumed in the 
reaction was calculated. 


RESULTS 


Influences of Y-Aminobutyric Acid on the Brain and the Heart Muscle 
Hexokinase—Using Y-aminobutyric acid at various concentrations of 0.001, 
0.005, 0.025, and 0.100 M, its action on hexokinase of the brain and the heart 


-<- Heart muscle 


GLUCOSE USED ( 1M 7 g. tissue ) 


0.001 0.005 0.025 0.100 
T-AMINOBUTYRIC ACID CONCENTRATION (#/) 


Fic. 1. Influences of y-aminobutyric acid on the brain and the 
heart muscle hexokinase. 


muscle was examined (the data show the average value of 8 cases). It 
has been found that Y-aminobutyric acid at the concentration of 0.001 Mf 
shows approximately a ten pen cent increase in the hexokinase activity but 
no further increase in the rate of the activity can be observed at the other 
higher concentrations in the brain. On the other hand, when Yy-aminobutyric 
acid is added to the heart muscle, whose normal value of hexokinase activity 
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is about 60 per cent of that of the brain, is accelerated quite markedly ; 
and the hexokinase activity increases to 1.5 times that of the brain at the 
concentration of 0.001 M4 and as the concentration is increased more, and 
the activity reaches almost twice that of the brain. As for the glucose 
consumption in one gram of each tissue, no difference can be observed at 
the concentration beyond 0.025 M in the values between the brain and the 
heart muscle. 

Influence of y-Aminobutyric Acid and the Substances Having Analogous Chemical 
Structures on the Brain and the Heart Muscle Hexokinase-—-With the use of 
substances possessing a similar chemical structure such as N-acetyl-y- 
aminobutyric acid, y-amino-a-hydroxy-butyric acid, ‘y-amino-f-hydroxy- 
butyric acid,-$-amino-n-valeric acid, and n-butylamine each at the con- 
centration of 0.025 M, influences on hexokinase activity has been studied. 


Tasce I 
Experiments with the Brain 


Names of compound used No. of expt’s | Rate of increase (av.) 
Control i 9 | 1.00 
y-Aminobutyric acid 9 | 1.10 
N-Acetyl-yaminobutyric acid | 8 0.74 
y-Amino-a-hydroxybutyric acid 6 0.95 
y-Amino-f-hydroxybutyric acid | 3 | 1.04 
8-Amino-n-valeric acid 8 0.99 
9-Alanine | 7 | 0.94 
n-Butylamine | 8 1.29 

Taste II 
Experiments with the Heart Muscle 
Names of compounds | No. of expt’s | Rate of increase (av.) 

Control 9 | 1.00 
y-Aminobutyric acid se) 1.69 
N-Acetyl-y-aminobutyric acid 7 0.44 
y-Amino-a-hydroxybutyric acid 7 6 : 0.98 
y-Amino-f-hydroxybutyric acid | 3 | 0.94 
6-Amino-n-valeric acid 4 2.05 
B-Alanine 6 | 0.99 

5 122 


r 
) 


n-Butylamine 

Influences of N-Acetyl-y-aminobutyric Acid on the Brain and the Heart 
Muscle Hexokinase—N-Acetyl-y-aminobutyric acid has been sythesized by me 
primarily for the purpose of clarifying chemical-structurally the accelerating 
action of y-aminobutyric acid on hexokinase activity, and using this newly 
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synthesized compound, changes in the hexokinase activity according to 
variations in the concentration of the compounds have been pursued. As 
the results, the average of six cases is shown in Fig. 2, and the hexokinase 
activity is inhibited in both the brain and heart muscle though the rate 
of inhibition is lesser in the brain. 


-—O- Brain 
-w%- Heart muscie 


GLUCOSE USED ( pm /g. tissue ) 


0.001 0.005 0.025 0.!00 
/HACETYL-¥-AMINOBUTYRIC ACID CONCENTRATION (A) 


Fic. 2. Influences of WN-acetyl-y-aminobutyric acid on the 
brain and the heart muscle hexokinase. 


DISCUSSION 


The importance of ATP and Mg** in the enzymatic activity of hexokinase 
is apparent, as hexokinase becomes active only in the presence of these two 
and the same can be said of hexokinase in general. Long (/4) reported 
on the influences of pH value, the ATP and fluoride concentrations on 
hexokinase activity; and we (27) investigated the influences of the fluoride, 
calcium ions, glutamic acid, and aspartic .acid concentrattion on the 
hexokinase activity of the brain and reported about the accelerating actions 
of glutamic acid and aspartic acid on the brain hexokinase activity. 

As shown in the experimental results, y-aminobutyric acid accelerates 
the hexokinase activities both in the brain and the heart muscle but the 
rate of acceleration is slight in the brain while it is marked in the heart 
muscle. In this series of experiments, bacause y-aminobutyric acid seems 
to be contained in a considerable quantity in the brains of animal and its 
content in other tissues appears to be extremely slight or none at all (J6), 
the reason why y-aminobutyric acid does not accelerate so apparently the 
activity of the brain hexokinase seems to lie in the fact that as y-aminobutyric 
acid exists in a considerable quanity in the brain itself and has already — 
accelerated the activity under normal conditions, the normal brain maintains 
a high level of the activity. Thus in the experiment of addition of this 
acid, a slight amount added seems to be sufficient to raise immediately the 
acceleration to the maximal value. It may be for this reason that the 
maximal value of acceleration of hexokinase activity in the brain practically 
coincides with the maximal in the heart muscle. 
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Next, as key in clarifying the action of y-aminobutyric acid on hexokinase, 
the similar action of the substances possessing chemical structure akin to 
y-aminobutyric acid has been investigated. When -OH group is led into 
the place of the a- or £-position of y-aminobutyric acid as shown in Table 
I and II, the power accelerating hexokinase activity is lost. Moreover, 
when JN-aceryl-y-aminobutyric acid in which one of hydrogens in the 
amino-group is replaced by acetyl-group is added, hexokinase activity is 
markedly inhibited in the cases of the brain and beart muscle. The effects 
of these concentrations are shown in Fig. 2. In this case, the rate of 
inhibitory action is less in the brain, and in the heart muscle even when 
the concentration is such that the hexokinase activity is expected to be 
inhibited markedly, the normal level of the activity is maintained con- 
tinuously. The enzyme system of the brain receives less influences from 
the chemical agent (y-aminobutyric acid) than other tissues, and the same 
can be said of influences of other agents as can be seen in Tables I and 
II; and it is quite interesting to notice that the brain activity is of such a 
nature as to resist well against shock. y-Aminobutyric acid is C amino 
acid, but on examining actions of f-alanine and 6-amino-n-valeric acid, 
which are C; and C;-amino acids, it has been revealed that 5-amino-n-valeric 
acid hardly affects the brain hexokinase in any degree whereas in the case 
of the heart muscle it acts as to accelerate its activity quite markedly. 
P-Alanine, on the other hand, does not affect at all either the brain or the 
heart muscle. Since most substances being handled here are amino acids, 
it may seem inconsistent to bring up z-butylamine which is an amine 
possessing chemical characteristics different from amino acid, nevertheless, 
it may be mentioned here that n-butylamin derived from y-aminobutyric 
acid by replacing its carboxyl group with methyl group, acts on the 
hexokinase activity quite strikingly. 

As it is readily understandable from the foregoing experimental results 
the accelerating action on hexokinase is not solely possessed by y-aminobutyric 
acid, but 6-amino-n-valeric acid which is C;-amino acid likewise possesses a 
similar accelerative power; and taking n-butylamine into consideration 
similarly this accelerating action of certain chemicals on hexokinase may 
in all likely be attributable to the group, NH,-CH.-CH,-CH--. 


SUMMARY 


In the present experiment concerning the action of both y-aminobutyric 
acid and substances possessing similar chemical structure upon the hexokinase 
activity of the brain and the heart muscle, the following conclusions were 
drawn. 

1. y-aminobutyric acid acceleates the brain-hexokinase activity slightly 
while it increases the hexokinase activity of the heart muscle quite markedly. 

2. y-Amino-a-hydroxybutyric acid as well as y-amino-f-hydroxybutyric 
acid do not accelerate the hexokinase activity. 
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3. N-Acetyl-y-aminobutyric acid inhibits the hexokinase activity of the 


brain and the heart muscle quite strikingly. 
4. -Alanine does not accelerate the hexokinase activity in the brain 


and the heart muscle, but d-amino-n-valeric acid promotes the hexokinase 
activity in the heart muscle. 
5. n-Butylamine possesses the power to increase the hexokinase activity. 
6. It is assumed that the accelerating power of y-aminobutyric acid 
on the hexokinase activity is due to the NH.-CH,-CH,-CH.-group. 


I gratefully acknowledge the valuable guidance of Prof. D. Jinnai in preparation 


of this manuscript. 
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The fact that various peptidases require metal ions as activators for 
their reactions is now generally construed as being due to the necessity of 
metal ions as mediators of the complex formation between the enzyme and 
substrate. This concept has been developed by S mith and his co-workers, 
on the basis of their experiments with various dipeptidases isolated from 
animal tissues (J, 2, 3). Smith has further suggested that the primary 
reaction in the activation process consists in the combination of the metal 
ion with the enzyme protein. An alternative theory in this respect has been 
presented by Najjar for some metal activated enzymes. He assumed that 
the metal ion first forms a complex with the substrate, and the resulting 
metal-substrate complex serves as true substrate for the enzyme (4). The 
theory was, however, criticized by Smith as implausible, at least in the 
case of leucine amino peptidase (3), which was one of the main subjects of 
his own studies. 

The present investigation was undertaken with a view to obtaining 
-information as to the mode of action of metal ions in the activation of 
dipeptidase which had been isolated from yeast cells. It was revealed that 
the enzyme requires specifically Co** ion as the activator and that other 
bivalent ions such as Cd*+t, Cut+, Mn**, and Znt*t- are not only incapable 
of substituting Co*+ ion, but are more or less inhibitory towards the action 
of the enzyme. By kinetic analysis it was deduced that Co**+ ion functions 
as an effective bridging agent between the enzyme and substrate and that 
the inhibitory effects of other bivalent ions are due to their competitive 


action with Co*?* ion. 
MATERIALS AND METHODS 


Preparation of the Enzyme—The dipeptidase was isolated from yeast cells by the following 
procedure. Two pounds of baker’s yeast were macerated with ethylacetate and mixed 
with an equal weight of water. The mixture was adjusted to pH 6.0 by the addition of 


* This paper was read at the 28th Annual Meeting of the Japanease Biochemical Society 


in 1955. 
** Present adress—the Institute of Food Microbiology, Chiba University, Narashino, 


Chiba-ken. 
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KOH and after being covered with toluene, allowed to autolyze at room temperature 
with occasional shaking. After 5 hours the mixture was centrifuged and the precipitate 
was resuspended in water and left to stand for further 30 hours to continue autolysis. 
The supernatant obtained by centrifugation was cooled and brought to 0.4 saturation 
with solid ammonium sulfate. The precipitate formed was discarded and the clear 
solution was brought to 0.6 saturation by further addition of ammonium sulfate. The 
precipitate formed was collected by suction, dissolved in 80 ml. of water, and after adjusting 
the pH of the solution to 6.0, acetone was added to 33 volume per cent. The mixture 
was then subjected to centrifugation, and to the supernatant obtained, acetone was added. 
up to 48 volume per cent. The precipitate formed anew was dissolved in 40 ml. of acetate 
buffer (pH 6.0, 0.1 M@), and heated for 3 minutes at 60° in the presence of CoC}, (0.01 M). 
A large mass of precipitate produced was removed by centrifugation and to the supernatant 
was added an equal volume of acetone. The resulting precipitate which contained the 
enzyme was dissolved in 40 ml. of water and the solution was dialyzed against running 
water. Most of the experiments in this study were performed with the enzyme prepara- 
tions at this stage of pufification*. The activity of this solution was proved to be stable 
for several weeks when stored in a refrigerator. 

Measurements of Enzyme Activityp—The substrate used was glycylglycine ; the concentration 
applied was 0.05 M unless otherwise specified. The reaction mixture was buffered with 
vernol (0.05 M). The enzyme activity was measured by the formol titration method. The 
activity of the enzyme preparation in the presence of 0.001 4 CoCl, was expressed in 
terms of proteolytic coefficient (Cy) computed according to the formula: 

C,=K,/E 
where Ky is the reaction rate calculated on the basis of per cent hydrolysis per minute, 
and E is the protein concentration in mg. protein-N per ml. of reaction mixture. The 
C,-value of the enzyme preparation used in the experiment was of the order of 250**. 


RESULTS AND DISCUSSION 


Activity and Stability of Glycylglycine Dipeptidase as Influenced by Various 
Experimental Conditions—The stability of the dipeptidase was found to be 
largely influenced by the presence of Cott ions in the medium. Fig. 1 
shows the results of an experiment in which the enzyme solution was heated 
at 60° for 2 minutes in the presence or absence of CoCl,. The pH in the 
heating mixture was adjusted with acetate or borate buffer (0.05 M) to 
various values indicated in the figure. After cooling, the pH of the mixture 
was readjusted to 7.8 with veronal buffer and tl.c enzyme activity was 
assayed. The enzymatic activity was computed as percentage of original 
activity. These results show that Cot+ at certain concentration obviously 
enhances the stability of yeast glycylglycine dipeptidase. 

The optimum pH for the hydrolysis of glycylglycine lies at pH 7.7-8.0 
(see Fig: 2), which is identical with that reported by Smith ef al. for 
glycylglycine dipeptidase from animal source (J). 

Effect of Various Bivalent Metals—The results of the tests with various metal 


* Further purification, although with poor yields, could be performed by fractionating 
this preparation with acetone of 33 to 48 volume per cent in concentration. 


. : : 
* The C,-value of the crude autolysate obtained at earlier stage of enzyme preparation 
was only about 10. 
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ions at 0.001 M revealed that a marked activation of the enzymatic activity 
was brought about by Cot* (see Table I). It is to be noted that Mntt 
which has been reported by Smith ef al. as an activator of glycylglcine 
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Fic. 1. Stability of glycylglycine dipeptidase as a function 
of pH. Enzyme solution was heated at 60° for 2min. in the 
presence (©) or absence (@) of CoCl, (0.00! M) at various pH 
Residual activity was expressed as percentage of original 
activity. Enzyme assay was performed at 35” and pH 7.8 
with 0.05 Af glycylglycine as substrate in the presence of Co** 
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Fic. 2. Effect of pH on enzymatic hydrolysis of glycyl- 
glycine. Each reaction mixture contained 0.05 M glycylglycine 
and 0.001 ¢@ CoCl,. The enzyme concentration was 7 pg. 
protein-N per ml. reaction mixture. 


dipeptidase from human uterus (1), had no effect at all in this case. In 
the presence of Hg*t, the activity was somewhat improved, but this effect 
seemed to be due to the presence of another enzyme (requiring Hg** as 
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an activator) in this preparation. In fact, the enzyme preparations that had 
completely lost (by prolonged storage) the original capacity for glycylglycine 
hydrolysis (as tested in the presence of Co** as the activator) still showed 
an activity of hydrolyzing the same substrate, if Hg** was added to the 
reaction mixture. We shall reserve a detailed investigation of this con- 
taminating dipeptidase for some future occasion. 


TasBie I 
Effect of Bivalent Metal Ions on the Activity of Glycylglycine Dipeptidase 
Tests were performed at 35° and pH 7.8 in the presence of metal ion 


(0.001 M) and substrate (0.05 M). The enzyme concentration was 8 yg. 
protein-N per ml. of reactiod mixture. 


Beta! jon “| Beticen eee 
Se | 1.909 
Bat* | 0.006 
Ca*+ 0.004 
Cd++ | 0.000 
Cut+ 0.004 
Fe*+ 0.040 
Het+ 0.700 
Mg++ 0.004 
Mn*+ 0.002 
Nit+ 0.002 
Zn** 0.002 


None 1 0.002 


Reaction Rate as Influenced by Co*t* and Substrate Concentrations—The influence 
of Co** concentration on the enzyme activity was investigated in the presence 
of fixed concentrations of substrate (0.0125 M—0.2 M). The reaction was 
initiated by adding substrate to the buffered enzyme solution containing 
CoCl; as activator. No prior incubation of enzyme and metal was found 
to be necessary, since the maximal activation was attained instantaneously. 
The results are presented in Fig. 3, in which reaction rates are plotted 
against logarithms of Co** concentrations. The same data are replotted in 
Fig. 4, showing reaction rate as a function of substrate concentration. As 
will be seen from the figures, the reaction rate increased with increasing 
concentration of substrate and activator. With higher concentrations ‘of 
either component, there was more or less marked retardation of the reaction 
as will be considered in a later section. 

Mechanism of Enzyme Reaction—The experimental facts presented above 
may accounted for by assuming the following reactions occurring in sequence 
or in parallel. In these formulae E is the enzyme, § the substrate, A the. 
activator (Co**+) and EAS is a complex of the enzyme and substrate formed 
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through bridging by the activator A. The formation of this triple complex, 
which is assumed to be the essential step for the accomplishment of the 


(S}=0.2 4. 


cs (S}=0.1 4 


(S}=0.05@ 


(SJ=0.025 M@ 


Vx 103 ( mole/ titer / min. ) 


(S)=0.0125 


=5 -4 -3 -2 
LOG Co* CONCENTRATION ( mole/ liter } 

Fic. 3. Activity of glycylglycine dipeptidase as a function of 
Cot** concentration at various substrate levels ({S}). Experiments 
were performed at 35° and pH 7.8. The enzyme concentration 
-vas 9 yg. protein-N per ml. reaction mixture. 


(A) =10734 


as CAJ= 510-4 


x 


f, CA)=2x10"44 


vx 103 ¢ mole/ liter / min. ) 


> EE Ta tAj= os a 


(A}= 5x105 


=2 1.5 -} -0.5 
LOG SUBSTRATE CONCENTRATION ( mole/liter ) 
FIG. 4. Activity of glycylglycine dipeptidase as a function of 
substrate concentration at various levels of activator ((A)). 


enzyme reaction, is thought to be possible in two ways: either by reactior 
of the EA complex with the free substrate S, or by reaction of the free 
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In the calculation of the quantity §’ in the above expression, the above- 
derived values for K, and k Ce} were used. The value for K3 was assumed 
to be 10-3 moles/liter based on the experimental results of Monk (9), who 
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Fic. 6. Reciprocal of Cot+-saturated velocity (1/Vco-sat) as a 
function of reciprocal of substrate concentration. 


p’ x 104 


20 40 60 80 100 
1/CS3 
Fic. 7, Linear relationship between f’ and reciprocal of 


substrate concentration. §’ was calculatd according to Eq. (11) 
as described in the text. 


investigated the combination of various amino acids and peptide with. 
various metal ions. By plotting 6’ against 1/Cs} (Fig. 7), a straight line 
was obtained in harmony with the formula (Eq. 11). Based on this result, 
the values for K,; and K; were computed to be as follows: 


K,=4.8x10-® moles/liter 
K,=2.2x10-! moles/liter 
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The above-stated facts will be more clearly illustrated by the curves 
shown in Figs. 8, 9, and 10. In Figs. 8 the experimental data for the reaction 
rate V, as plotted against the logarithms of activator concentrations, show 
a satisfactory agreement with the theoretical curves drawn according to 


Equation (7), except for the case of activator concentrations higher than 
10° M. 


Vx 104( mole/ liter / min. ) 


LOG Co* CONCENTRATION ( mole/ liter} 

Fig. 8. Inhibitory effect of higher concentrations of Co*+. 
The experiments were performed at 35° and pH 78 im the presence 
of 0.025 M of glycyigiycine as substrate. The enzyme concentration 
was 9 yg. protein-N per mi. reaction mixture. Points represent the 
experimental data. Solid line, dzshed line, and broken line were 
drawn according to Eq. (7), (3), and (14), respectively. 


The coincidence with the theory will be more convincingly demonstrated 
by the data presented in Fig. 9, in which the reaction rates are expressed 
in terms of ratio to Co**-saturated velocities (Vco-sa.) which were computed 
from the data in Fig. 5 (see Equation 7’). The points corresponding to 
higher concentrations of Co** are omitted in Fig. 9. The curves in the 
figure are drawn according to the theory, i.e. Equation (12), as transformed 
into a formula of first order sigmoid curve: 


yr... fa) 
Veosu. [al+¢ 
_ Ki Kk, — ((s)+;) ((s)+4;) 
- KK; (s]+K: 
It is apparent form the above foumula, that the half Co**-saturated velocity 
(V/Veo-sat.= 1/2) is reached when the concentration of activator is equal to 
¢, which represents the apparent dissociation constant of Co** ion in combination 
with the enzyme system. 

In Fig. 10 are compared the experimental and theoretical values 
(calculated by Eq. 8) pertaining to Veosa. as a function of substrate con- 
centration. Here again, the agreement may be regarded as satisfactory. 
The highest level of this Veo-cs:-curve represents the maximum velocity, 


(12) 
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Vmax. and the middle point of the sigmoid curve corresponds to the dis- 
sociation constant Ke of the active complex, EAS (Eq. 8). 


[S}=0.05 M | 
(S3=0.0125 4 


($3=0.2 4 
€5)=0.) 4 


(S3=0.025 4 


V / Vco-sot 


-5 -4 -3 -2 -1 
LOG Co* CONCENTRATION ( mole/ liter ) 


Fic. 9. Ratio of reaction velocity(V) to Cot*-saturated velocity 
(Voo-sat-), aS a function of Co*t+ concentration. 
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-2.0 1.0 Go oOo 
LOG SUBSTRATE CONCENTRATION ( mole/ liter) 


Fig. 10. Ratio of Co*+-saturated velocity (Vco-sat.) to maximum 
velocity (Vmax.), as a function of substrate concentration. 


With still higher concentrations of activator, a marked depression of 
enzymatic activity was noticed (see Fig. 8). The actual extent of depression 
was found to be much more pronounced than that expected from the above 
theory (Eq. 3). The deviation of the experimental results in this respect 
from the theory will be accounted for by assuming another reaction of 
higher order between enzyme and metal ion, entailing the formation of an 
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inactive complex, EAA;: 


EA+2A = EAA: (13) 
where Kg is the dissociation constant of the complex EAA,. The equation 
(Eq. 3) for the reaction rate V will then be modified as follows: 

~ nul Afe} 7 
Bal Re ae” ee TAP (14) 


(S) * (S}) CA) ’ Ky (A) * Ke (8) 


Using the numerical values obtained earlier for the constants K, K., and 
Ks, the value for Kg in Equation (14) was estimated to be 2x 10-° moles/ 
liter. The theoretical values of V obtained by applying these values of A’s 
to Equation (14) are shown by the broken line in Fig. 8, which also agree 
well with the experimental results. 

Inhibition by Bivalent Metal Ions Other than Co++—The effects of various 
metal ions other than Cott upon the enzyme activity to be displayed in 
the presence of 0.05 M glycylglycine and 0.001 Af Co** were investigated. 
Among the various ions tested, Cd**+, Cu**, Zn**, Mn**, and Mg** 
were found to inhibit the reaction, whereas Nitt, Fet*+, Cat*+, and Batt 
did not show any noticeable effect. With the former class of inhibiting 
ions, the functional relationship between the degree of inhibition (H) and 
the concentration of inhibitor was found to be in the form (see Fig. 11): 


—_ Vine 


ee a ae (15) 


where Vme and Vy represent the reaction rates in the presence and absence, 
respectively, of the inhibitor ions; (Me) is the concentration of the metai 
ion, and ¢me is a constant corresponding to the concentration of inhibitor 
causing 50 per cent inhibitions. 

In another set of experiments, the dependence of the degree of inhibition 
at fixed concentrations of each inhibitor (Cd*+ 10-5 M, Mn*+ 107° M, Zn*+ 
10° M4, and Cu*+* 10-* 4) upon the concentration of the activator Co*t* 
was investigated. From Fig. 12, in which the reciprocals of the velocities 
observed are plotted against reciprocals of Co** concentration, it will be 
seen that all the straight lines meet at one point on the vertical axis of the 
graph. As may be shown by the following kinetic consideration, this fact 
indicates that all the inhibitory metal ions investigated acted competitively 
with the activator Co** ion. 

It may be assumed that the inhibiting metal ion, Me**, can form 
complexes both with the enzyme and with the substrate as follows: 

Ke ame Rh 
E+Me = EMe, me— CEMe]} 


En’ x.,.7__Me) (83 ue 
Me+S 7 MeS me (MeS) 
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DEGREE OF INHIBITION ( H ) 


6 5 4 S 2 
LOG INHIBITOR CONCENTRATION ( mole/ titer) 
Fic. 11. Inhibition by bivalent metal ions (1). Each test 


solution contained 0.05 M glycylglycine, 0.001 47 CoCl., and varied 
amounts of inhibitor. Experiments were performed at 35° and 


pH 7.8. (OQ) Cd**, (x) Znt+, (@) Mn**. 


1/v x 1073 


2 4 6 8 10 


1/TCo™) x 1073 
Fig. 12. Inhibition by bivalent metal ions (2). Reciprocal 
of reaction velocity as a function of reciprocal of Co*++ concentra- 
tion. The experiments were performed at 35° and pH 7.8 in the 


presence of 0.05 M glycylglycine. (©) without inhibitor, (1) 10-5 M 
Cd**, (MI) 10-3 Af Mn*+, (@) 10-5.M Znt+, (a) 10-4M Cutt. 


Where Ame and Ame’ represent the dissociation constants of the respective 
complexes. ‘Taking these reactions into account, the equation for the reac- 


tion rate (Vme) in the presence of inhibitor ion, Met*, may be written as 
follows (cf. Eq. 7): 
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Vne= ; 
* a k {e) 
E,Ky Ky, Ks) OK, Ke K, Ky 3), (Me) Kime Ei Ke 2 Ki Ke \ 
] eae Bees 
= a) tts) ta) K, Gal Ky (a) KK. (a}* Kno Koc viK {a} (a) {s) 


(17) 
Using this equation and Equation (7), we can formulate an equation 
analogous to Equation (15), in which the inhibition constant ¢me assumes: 
the form: 


K Ks K Ks K, K Ka {s} K Kz 
Kii+—3— ! : : 
sae Atta tia git tee. (al? K, (ay o 
ati ik A(t 1 Ly 
{a} {s) 
ee +[si) 
= Kyte’ 


In this formula, A; represents the apparent dissociation constant of cach 
metal ion (Me**) in combination with the enzyme system. Applying this 
equation to the experimental data, the value of K; for each inhibitor ion can 
be calculated, since all the other dissociation constants as well as the con- 
centration of substrate and activator in the experiment are known; thus 
following values of K; were obtained for Mnt*t, Zn**, and Cd*t: 

K;-wn=4.2 x 10-5 moles/liter 
K;-zn=1.1 x 10-* moles/liter 
K;-ca=3.7 x 10-* moles/liter 

The experimental results presented in Fig. 12 will also be accounted 
for by Equation (17). It is evident from the form of Equation (17) that K; 
for each ion is derivable from experimental results shown in Fig. 12, by 
transforming Equation (17) in terms of 1/Vme against 1/Ca}. The values of 
K; in the case of Cu** is computed in this way to be, 

Kj-cu=1.4x 10-* moles/liter 

Inhibition by SH-Poisons—A group of substances known as SH-poisons such 
as p-chloromercuribenzoate and monoiodoacetate were found to inhibit 
strongly the enzyme reaction. ‘The experimental results are presented in 


Taste II 
Effect of Sulfhkydry! Inhibitors 
Each test solution contained 0.05 M glycylglycine, 0.001 Af 
CoCl,, and inhibitor. Experiments were performed at 35” and 
pH 7.8. The enzyme concentration was 8 yg. protein-N per 
ml. reaction mixture. 


‘Tahibitor bel Concentration ae of cahitatios 


ee 
(M) | (2) 
| 84 


PCMB 10-5 
“> 10-* 57 


Todoacetate | 10-$ 20 
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Table II. It remains to be seen whether the SH-group(s) in the enzyme 
molecule, which is attacked by these substances, plays a role in the com- 
bination of the metal ions or of substrate molecule. 


SUMMARY 


1. Using glycylglycine dipeptidase isolated from baker’s yeast, kinetic 
studies were performed with special reference to the effect of various bivalent 
ions acting as activators or inhibitors for the enzyme reaction. 

2. Among the various metal ions studied, only Co** was found to ac- 
tivate the enzyme reaction over a wide range of concentration. 

3, The activity of the enzyme (in the presence of Co*t as the activator) 
is strongly inhibited by Cd*+, Cu**+, Mn**, and Zn**+. The inhibitory ac- 
tion of these ions was found to be competitive with the activating effect of 
Cot; Under the experimental conditions studied, Ni**, Fett, and Ba**+ had 
no effect on the reaction rate. 

4. A scheme of reaction of glycylglycine dipeptidase was proposed, 
which was shown to be in harmony with the experimental results obtained. 
It was concluded that a bridge formation by virtue of Co**+ ion between 
enzyme and substrate is an essential step in the mechanism of the enzyme 
reaction. 

5. The enzyme was found to be strongly inhibited by SH-inhibitor such 
as f-chloromercuribenzoate and monoiodoacetate. 


The author wishes to thank Prof. A. Takamiya and Prof. H. Tamiya for their 
valuable suggestions and encouragement in this work. 
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Previously published experiments (J-3) have shown that the photo- 
chemical enhancement of CO,-fixing power of green cells, which was first 
demonstrated by Calvin and Benson (4) in their “ pre-illumination” 
experiment using C™ as a tracer, was due to a certain reducing agent(s) 
which can react with oxidizing agents such as oxygen and quinone. This 
agent, which was denoted by R for the convenience of reference, was assumed 
to be formed photochemically from its precursor P in the following manner: 


light 
P+H,O — R (or PH,)+1/2 O, (1) 


It was postulated that the enhancement of CO.z-fixation caused by R is a 
result of the following sequence of reactions (cf Bassham, Benson et al., 


(9)): 


CO,+RuDP —>2 PGA (2) 
2. PGA? KR, 2PM (3) 

2 TP —+ 6/5 RuDP (4) 

1/5 RuDP+1/5 CO, > 2/5 PGA (2) 


and that among these, reaction (2) is the rate-determining step, so that the 
overall reaction proceeds according to 

R+3/5 CO,» P+1/5 PGA (5) 
Our observation that the level of R was decreased in the presence of quinone 
(Q) suggested the occurrence of the reaction 

R+Q—> P+QH; (6) 

which would entail together with reaction (1) the Hill reaction caused by 
quinone. Mehler (6) showed that the Hill reaction was also brought 
about by oxygen and that in this process there occurred intermediate forma- 
tion of H.O, which, under ordinary experimental conditions, was decomposed 
by catalase. The Mehler reaction was accounted for by the reactions: 


R+O, —> P+H,;0; (7) 


catalase 
‘H,O, —> H,O+1/2 O; (8) 
1005 
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of which the latter proceeds faster than the former, so that the overall reac- 


tion will assume the form: 
R+1/2 O; —> P+H,0 (9) 


It has been observed that when the illuminated cells—in N, atmosphere— 
was suddenly transferred to the darkness, the R-level established during the 
illumination gradually decreased, indicating that the steady R-level attained 
on prolonged illumination was determined by relative rates of photochemical 
reaction (1) and non-photochemical decay of R. This latter reaction was 
interpreted as being due to the occurrence of reaction (9) caused by the 
endogenous oxygen that had been formed by reaction (1). 

During the course of our studies on the behavior of R in Chlorella cells 
we found a peculiar phenomenon regarding the effect of cyanide upon it. 
It was namely observed that the effect of cyanide appeared entirely analogous 
with those of oxygen or quinone in that (i) it did not affect reaction (1) and 
that (ii) it increased the rate of decay of R in the dark, and consequently 
decreased the stationary R-level established under continued illumination. 
Since one could hardly think of an oxidoreductive reaction between R and 
cyanide similar to reaction (6) or (7), we assumed that the main site of at- 
tack by cyanide was the catalase in reaction (8) and that the H.O: 
accumulated thereby would react with R in the manner: 

R+H,0, —> P+2 H,O (10) 


The purpose of this paper is to present data which afford direct evidence 
for the reaction represented by (10). The concept we have propounded in 
our previous report that the significance of catalase in the mechanism of 
photosynthesis lies in the protection of photosynthetic machinery from HO: 
has gained further support by this new observation. 


MATERIAL AND METHOD 


Material used was “dark cells” of Chlorella ellipsoidea (7), and the experimental pro- 
cedure was virtually the same as that described in the previous paper (2). The algal cells 
were suspended in 0.02 M phosphate buffer (pH 6.8), containing 10-4 M sodium azide to 
inhibit catalase activity. This concentration of azide has been shown by Huzisige (8) 
to inhibit completely the catalase activity in intact Chlorella cells and to reduce the rate 
of the Hill reaction (using quinone as oxidant) to 50 per cent of the normal rate. The 
cells thus pre-treated were subjected to various treatment (illuminated or non-illuminated, 
in the presence or absence of H,O,), and at various intervals aliquots of cell suspension 
were promptly transferred into dark vessels containing NaHCO, (final concentration: 
10-° AM). After being allowed to react with C'*O, for a certain period of time, cells were 
killed by introducing acetic-hydrochloric acids mixture, and the amount of CO, fixed 
was determined using aGeiger-Miillercounter. All the experiments were performed 
in N; atmosphere at 25”; the effective intensity of light applied was about 2x 10,000 lux. 


RESULTS 


Effect of Hydrogen Peroxide on the Stationary R-Level in the Light—The cells 
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whose catalase had been completely inhibited by azide were illuminated (in 
the absence of H:O,; and O.) for 40 minutes when the R-level attained a 
steady value. Then,—under continued illumination—H.O, in varying con- 
centrations were added to the cell suspension, and at intervals the R-level 
-was determined by measuring the radioactivity fixed in 60 seconds* of 
contact of cells with CO, in the dark. The results obtained are presented 
in Fig. 1. 

As may be seen from the figure the effect of H.O, was quite similar to 


R- LEVEL (cpm.) 


oO 10 20 30 40 sec 60 £479 
TIME (minutes ) 


Fic. 1. Effect (in the light of varying concentrations of 
H.O, on the R-level which had previously attained the stationary 
value in the absence of H-O,. Ordinate: c.p.m. of C™ fixed 
in 60 seconds in the dark, Abscissa: the time which the cells 
spent in the light (prior to the provision of C'4O.), first in the 
absence of H.O, and later in the presence of various concentra- 
tions of H,O. as indicated. In this experiment the effect of 
10-33 M H-.O, was also investigated. The result obtained fell 
between those for 10-? and 10-* M. 


that observed with quinone in our previous experiment (2). The &-level 
decreased immediately, and in so far as the concentration of H.,O,; was 
lower than 10-3* M, the R-level was sooner or later restored to the original 
value. When the concentration of H:O, was 10-* M, the temporary fall of 
the curve was more pronounced and the subsequent recovery was only 
partial. At a still higher concentration of H.O: (10-** M), the curve fell 
almost to the zero level and there was no sign of subsequent recovery on 
continued illumination. 

Effect. of Hydrogen Peroxide on the Decay of R in the Dark—The algae, treated 
with 10-4 M sodium azide, were illuminated in the absence of H.O, for 40 
minutes (with bubbling of N.), by the end of which a stationary R-level 


* In our previous paper (9), it was shown that sodium azide inhibited reaction (5) and 
at this concentration it took 60 seconds (instead of 30 seconds in the absence of azide) to 
complete the reaction. 
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was fully established. Then, the light was turned off simultaneously with 
prompt addition of H.O; to the algal suspension (end concentration: 10 

M), and the time course of decay of R was followed using C™%Oz as a tracer. 
As the control the decay of R in the absence of HzO: was also traced. As 
may be seen from the results presented in Fig. 2, in which the decay pro- 


LOG jo (C.p.m.)° 


TIME. © seconds ) 


Fig. 2. Semilogarithmic plot of the process of 
decay of R in the dark. 


cesses are plotted on a semi-logarithmic scale, the rate of decay of FR in the 
dark was markedly accelerated by the effect of H,O2. The fact that the two 
curves in the figure started from the same point at zero time indicates, as 
has been discussed from kinetic point of view in our previous paper (3), 
that the reaction between R and CO, was not affected by H,O,. 


DISCUSSION 


The experimental data described above show clearly that H;On., like 
other oxidizing agent such as quinone and oxygen, reacts with, and consumed 
by, the reducing agent R which is formed in algal cells by the effect of 
illumination. The fact that, when H.O, was applied in lower concentrations 
in the light, the R-level, after being decreased temporarily, sooner or later 
restored its original level is obviously due to the exhaustion of HO, on 
continued reaction with R. Irreversible lowering of the R-level observed at 
higher concentrations of HO, may be attributed to the destruction by H,O2 
of some enzyme system involved in the reaction between R and C%O,. The 
experiment reproduced in Fig. 2 showed, however, that in lower concentra- 
tions H,O, did not exert any harmful effect upon the reaction between R 
and C™O,. All these findings are analogous to those obtained with quinone 
in our previous experiment. In view of the analogy between H,O, and 
quinone in their reactivity with R, it may be concluded that H.O.—when 
it exists as such without being decomposed by catalase—functions, equally 
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well as yuinone, as an oxidant for the Hill reaction. The results of the 

present experiment, as well as those reported earlier, indicate that the reac- 

tivity of reagents acting upon R increases progressively in the order: 
O:<CO,<H,O2< quinone. 

The available evidence may be taken as a strong support to the view 
we have developed regarding the mechanism of inhibitory action of cyanide 
upon photosynthesis and the role played by catalase in the mechanism of 
photosynthesis. It has been postulated that the main site in the photosyn- 
thetic machinery, which is acted upon by cyanide, is the catalase present in 
chloroplasts. When catalase is blocked by cyanide, HO, will accumulate 
as a result of reaction between R and Os (reaction (7)), and the H.O, thus 
formed will perform the Hill reaction with R (reaction (10)) hindering the 
reaction between R and CO, (reaction (5)). The role played by catalase in 
the mechanism of photosynthesis is to protect the photosynthetic machinery 
from such hindering action of H,Oz which may be liable to be formed in 
the photosynthetic process occurring in nature. 


SUMMARY 


1. Using intact cells of Chlorella, which had been pretreated with sodium 
azide (10-* M) to inhibit the activity of catalase, investigations were made— 
by the “ pre-illumination ” experiments using C“O, according to Calvin 
and Benson—on the effect of H,O, upon the photogenic capacity (reduc- 
ing agent) for CO.-fixation. 

2. It was demonstrated that the level of the C“O,-fixing capacity was 
markedly lowered in the presence of H.Os, indicating that the reducing 
agent was oxidized by H.O2. Based on the fact that the same oxidizing 
effect has been observed with oxygen and quinone, it was inferred that H.O2 
shares with oxygen and quinone the property of acting as a Hill oxidant. 
The reactivity of these oxidants towards the reducing agent in question was 
found to be in the order: 


quinone < H.0,<O; 

3. Along the line of reasoning developed in a previous work it was 
discussed that (i) H,O2 is formed in green cells as a result of reaction of O: 
with the reducing agent; that (ii) in normal cells the H.O, thus formed is 
immediately decomposed by catalase, and that (iii) the inhibitory effect of 
cyanide upon photosynthesis is due to the inhibition of catalase leading to 
the accumulation of H:O. which consumes the reducing agent that plays 


the key role in reducing phosphoglyceric acid to triosephosphate in the 
mechanism of photosynthesis. 


This study was aided by grants from the Nishina Memorial Foundation, the Recke- 
feller Foundation, and the. Ministry of Education. To these bodies we extend our grateful 
thanks. 
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STUDIES ON ARGINASE 
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(D-ARGININE-SPLITTING ARGINASE) 
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Much attention has been given to the possibility that p-arginine will 
be attacked in the manner comparable with that for the 1-isomer, since 
Felix and Morinaka (J) first reported in 1923 that p-arginine was split 
through the surviving liver. Edlbacher and Zeller (2) later de- 
monstrated that arginase of guinea-pig liver gave a feeble action upon 
D-arginine, but at a high concentration of enzyme v-arginine was split 
quantitatively into urea and ornithine. Kotake and Nakayama (3) 
and Mabuchi (4) observed that extract of intestinal mucosa of the rabbit 
possesses the higher activity of hydrolysing p-arginine than L-isomer, and 
they indicated this phenomenon as stereopurification. Sano (5) succeeded 
in separation of the enzyme that is responsible for splitting of p-arginine 
and designated the enzyme as “hetero-arginase” to distinguish it from 
L-arginase. According to a recent experiment by Albanese ét al. (6), the 
human liver extract produces as much urea from bDL-arginine as from the 
L-isomer, while incubation of rat liver extract with pL-arginine yields only 
half as much urea as with L-arginine. They suggested the possibility that 
p-ornithine would be produced from p-arginine, provided that the latter is 
not inverted to L-arginine in the initial stage of the enzymatic processes. 

The purpose of the present communication is to describe the distribution 
in animal organs and several properties of D-arginine-spilitting arginase, 
which is tentatively designated as D-arginase in the present paper for 
practical convenience, though, as will be discussed later, no definite evidence 
has yet been available to belive that the hydrolysis of L- and D-arginine is 
catalyzed by two different kinds of specific enzymes respectively. 

Nevertheless, it has been confirmed that the mouse liver enzyme 


-hydrolyses p-arginine into urea and p-ornithine, the latter compound being 


isolated from the digest mixture as a dibenzoyl derivative and identified. 


MATERIAL AND METHOD 


Substrates—D-Arginine hydrochloride was prepared by the enzymatic resolution procedure 
as described in a previous paper (7}, and found to be optically pure. DL-Arginine was 
prepared according to the method of Albanese et al. (6). 

a-N-Acyl derivatics of arginine tested were: acetyl-L-arginine (7), acetyl-D-arginine 
(7), benzoyl-L-arginine (8), and phthalyl-DL-arginine (9). 
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Tissue Homogenate—The animals were killed by decapitation under ether anaesthesia 
and the liver and kidney ‘isolated immediately after death. One part of fresh tissues was 
homogenized thoroughly with 10 parts of ice-cold water in a ground glass homogenizer. 


This homogenate was centrifuged for 10 minutes at 3000 r.p.m. and the supernatant fluid 
was used as enzyme solution. 


Determination of Arginasz Activity—The arginase activity was determined either, colori- 
metrically according to the p-dimethylaminobenzaldehyde method as described previously 
(10) or by Conway ’s urease-microdiffusion method (//). 


In the following tables, the enzymatic activity is expressed in terms of mg. urea found 
in the incubation mixture after digestion as corrected for appropriate control tests. 


RESULTS 


Distribution of D-Arginase in Animal Organs 


The distribution of arginase action upon pD-arginine in liver and kidney 
of various animals was studied and their comparative activities for L- and 
p-isomers were summarized in Table I. By all! kinds of the tissues listed in 
the table L-arginine was attacked much more readily than the D-isomer. 
However, under the higher concentrations of enzyme which act on D-isomer 
and for their a long period of time, e.g., for 24 hours, the activities of these 
enzyme on the p-one clearly positively were observed. It can be seen from 
the table that the level of the p-areinase activity is high in the liver of 
man, rabbit, and mouse; low in the tissues of dog and toad; and only in 
trace in the tissues of hog, cow, and rat. Albaness eal.(6) and Reisser 
(12) reported that p-arginine was completely resistant to liver arginase of 
rat and calf. Table I shows also that p-arginase action of the liver is more 
powerfi! than that of the kidney, in general, except for rabbit and toad. 


Properties of Mouse Liver p-Arginase 


Effect of pH—The pb-arginase of mouse liver homogenate has a pH 
optimum of about 9.5 as shown in Fig. 1. The pH-activity relationship 
was to be essentially the same for both L- and p-arginine used as substrate. 

Effect of Temperatu:re—Mouse liver homogenate was heated at 55° in the 
presence or in the absence of Mn** ion for different periods and its arginase 
action was assayed by two different methods. 

The results are shown in Table II. It has already been pointed out 
by Hunter (13) Rosenthal et al. (/4) that an increase in the L-arginase 
of activity of homogenates is produced by the addition of Mr*+ ion and a 
futher increase occurred when the tissue was incubated at 50°. More 
recently, Roberts (/5) reported that preincubation at 50° of dilute mouse 
liver homogenate (0.2 per cent) in the presence of Mn** ion increased the 
activity up to about 2.5 time as the activity of the freshly prepared 
homogenate, whilst preincubation at 50° in the absence of Mn‘ ion 
produced no activation. Table II indicates that also at a high concentra- 
tion of enzyme (1:10), the manganese-activation of L-arginase is concident 
with the finding of Roberts, and that a small decrease in the activity 
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TABLE I 
The Distribution of D-Arginase in Animal Organs 
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The arginase activity, assayed by urease-microdiffusion method, is expressed in 
mg. urea formed and per cent hydrolysis of arginine added. The reaction mixtures 
contained 1.0 ml. of 0.014 M arginine, 0.5 ml. of enzyme, 0.2 ml. of 0.01 M MnSO,. 
and 0.3 ml. of 0.1 M veronal (pH 9.2). 


Animal tissues /MnsO, 


} 


| 


| 


Arginase activity 


L-Arginine 


| | (mg.) 
Cow liver be | fone 
Cow kidney | ee | gee 
Hog liver | oe ape 
Hog kidney Neo : x — 
Dog liver ace ; gine 
Dog kidney | hee e ir 
Toad liver | None | 0.386 
Toad kidney rece . cn 
Rice cies ree | ee 
Mouse kidney | Re pote 
Rabbit liver | ea ie 
Rabbit kidney nae : Dae 
Rat liver | ee | ts 
Rat kidney plone 3 0.270 
Human liver | Pet ee 
Human kidney | ee pipe 


l-hour incubation 


D-Arginine 

3-hour incubation ; 24-hour incubation 
(ge) | (mg) (96) | (me) (8) 
102 (ing 0 | 0.045 5.3 
100 0 0 ; 0.099 11.5 
£16, tp 0 ' 0.032 3.7 
93.2). -"0 0 ! 0.052 6.0 
i01 0 0 i 0.088 9.2 
102 0.010 1.0 *eh07>> 124 
93.2 0 0 ' 0.010 1.0 
100 beret? 2 dae) Prreiag” S46 
Blt 0.219 1820 | 0s 2 
100 fp oi0.128, 14.3; .| | 0.299° 34,9 
73.5 | 0.034 3.9 0.180 24.9 
100 =—S |S (0.045 ee oe a ge 
45.0 | 0.010 10.4 0100. 251-6 
60.0. |. 0.027 Bie. 0.148 ure 
31.0 | 0.045 5.2) 1 0.211 24.6 
38.2 | 6490 ° --10.5 {> ° 0.302: ~ 35.2 
100 | 0.133 15.5 | 0.374 43.5 
99.0 | 0.203 23.6 0.432 50.4 
94.4 | 0.072 g-4) ot ~ 0765 "19 
100 p> OA0E > 12.19) 02198 25.1 
103 | 0.090 10-5 | 0.348 40.6 
102 Pr e.144— 16.7 | (0.455 54.2 
ere 8218s ° 21S) 0.546" 96527 
100 fill hb RIB or 25045 YP" 0.657 "7 7rG 
5.5 | 0 o | 0.045 5.2 
100 ave 0 ! §©0.090 = 10.5 
ee ee Gi), .01019~ — 22 
51.6 ; O 0 : 0.029 3.4 
82.0 0.065 7.5 0.378 44.1 
10! | “300167 ~ 19:3) | | 0.500) 58.3 
Somer oO 0 i 0 0 
710) 8 0 0-018 2.1 


is encountered when the homogenate is preincubated at 50° without Mn* * 


10n. 


D-arginase, contrarily, has only slightly resistance to heat; about 50 per 
cent D-arginase activity was destroyed by heating at 55° for 10 minutes in 
the absence of Mnt** ion and there was about 10 per cent decrease in 
activity even after preincubation with Mn?** ion. 
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0.5 


0.3 


D-ARGINASE ACTIVITY ( mg. Urea /24 hrs.) 


4 6 8 10 
pH 
Fic. 1. Relation between pH and mouse liver arginase action 
upon D-arginine. Assay: urease-microdiffusion method. Incuba- 
tion for 24 hours. Buffers: CH;COQONa-CH,;,COOH for pH 
4.0-5.5; K,HPO,-KH,PO, for pH 6.0-8.0; NaOH-veronal for pH 
8.5-10.0. 


Taste II 
Temperature Characteristics of Mouse Liver Arginase 


Arginase activity, assayed by two difierent methods, is expressed in mg. urea 
formed and per cent hydrolysis of arginine added. 


| Colorimetry | Urease-microdiffusion 
Heating | + a Agrinase activity 
Gate MnSO, | L-Arginine)? | D-Arginine® L-Arginine” D-Arginine” 
| 3-hour 24-hour | 1/3-hour 24-hour 
| incubation | _incubation | incubation incubation 
... -£ _| (me) (%)_|_ (mg) (6) | (mg.) (22) | (mg.) (7) 
None None 2213 72.0 ' 1.58 320 0.711 82.9 | 0.333 38.8 
(control) | Added | 2.54 85.7 ; 1.92 64.8 0.867 101 0.405 47.2 
; | ; H | 
10 | None | 2.08 70.5} 0.89 29.9 | 0.663 pS | O.13is 21552 
Added , 2.96 100 oe | 54.3 | 0.880 102 0.270 31.5 
| i 
| 
. None | 2.07 70.0 | 0.84 28.4 | 0.657 76.6 | 0.032 3.7 
1233 45.0 ' 9.857 100 | 02180 5221.0 


| Added} 3.00 100 | 


1) 1:50 homogenate was used. 
2) 1:10 homogenate was used. 


Effect of Autolysis—After standing at 37° or 0° for different periods of - 
hours, the activity of the enzyme solution for enantiomorphic pair of 
arginine was determined. The results are summarized in Table III. As 
shown in the table, arginase for the L-isomer is quite stable in aqueons 
solution at 0° and shows only little loss of activity even after autolysis at 
37°: this fact is consistent with the result of Mohamedand Greenbe rg 
(16. On the contrary, arginase for the p-isomer was found to be extermely 
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unstable: the loss of activity was about 20 per cent at 0° and more than 
70 per cent at 37° both in 24 hours, and standing for 48 hours at 37° 
completely abolished the activity. The table shows also that the arginase 
activity could not be well preserved by the ‘addition of manganous ion to 
the autolysis mixture. 


Taste III 
Stability of Mouse Liver Arginase 
The arginase activity, assayed by colorimetry, is expressed in mg. urea formed 
and per cent hydrolysis of arginine added. The reaction mixtures contained 1.0 ml. 
of 0.05 M arginine, 1.0 ml. of enzyme, 1.0 ml. 0.01 M MnSO,, and 1.0 ml. of 0.1 M 


veronal buffer (pH 9.2). The incubation was 1/3 hour for L-arginine and 24 hours 
for D-arginine, with or without MnSQ,. 


Arginase activity 
| 


| 
Autolysis | MnSO. | L-Arginine D-Arginine 
is daerssch a = io 
(hirs.) | 4 Temperature of autolysis 
oT" | 0° a7; 2 oe 
— | | (mg) _(96) | (mg) (98) | (me) (9%) _ | (med __—(8) 
| 
0 | None | 2.44 82.7 | 244 82.7 | 1.58 53.5 | 1.58 53.5 
(Control) ee 2.96 100 | 2.96 100 Lc. SO) 
| 
None | — io 1:26 42.6 | 1.57 53.0 
3 | Added | | — = 1.56 58.0 | — 
| None | 2.38 80.3 | 2.59 84.0 | 0.49 16.5 | 1.13 38.5 
24 | Added | 2.62 88.7 | 2:96 100 0.72 23.1 | = 
| None , 2.15 72.6 | 2.40 81.0 | 0.03 1.0 | 1.0¢ 35.5 
od Added | 2.55 86.1 | 3.00 101 0.28 9.4 ie 
| t 
TasiLe [IV 
Per cent Hydrolysis of Arginine and a-Acylarginine by 
Mouse Liver Arginase 
(Assayed by urease-microdiffusion method) 
A eC Arginase activity 
ae a ee et agebe | Acetyl. | Acetyl fae 
uba- ! - for aye x 
tion fe Arginine | ae | sai at | arginine | arg'nine | arginine | arginine 
ae ae pe ee | een.) | _& 
r : ‘ore as | 
lenone | 100 | 45.7 | 36 | io] 22 | 47 | 24 
20 | Added! 100 Se am O55) 4 eget 8.2" HeSiaRa) 7.0 
i ' 1 H f 
: ; ; | H 
None fd 530 57 Bt BAS 11951 4.7 
S0somer ded | 7 PION of 62.1 50:6 9) US8-S51 115m yol4.2 7 


Susceptibility of Free and a-N-Acylated L- and v-Arginine—As shown in 
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Table IV, the most susceptible among the substrates tested is L-arginine, 
and the susceptibility decreases in the following. order: DL-arginine 
D-arginine, acetyl-L-, benzoyl-t-, acetyl-p-, and phthalyl-pi-arginine. The 


TaBLeE V 


Effect of Metal Ions on the Action of Mouse. Liver 
Arginase upon D-Arginine 


(Incubation for 24 hours. ee by urease-microdiffusion method) 


echt activity | 


“Addition <h fax urea) | Activity ratio 
None : | 0.360 | 100 
Fett | 0.585 | 162 
Co** 0.558 155 
Anite 0.469 130 
Hgtt 0 0 
cut | 0.086 / 24 
Altt+ | 0.302 84 
Agt 0.143 | 40 
Znt+ 0.152 ! 42 
Lit 0.293 97 
Tf: | 0.163 | 51 
Th*t++ . 0.348 | 97 

TABLE VI 


Inhibition by Fluoride of the Action of Mouse Liver 
Arginase upon D-Arginine 


Cee for 24 hours. see by ee 


Sh i Gknteaieebn | Siete netiviey ihiuhinion © 
Addition ! (M) (mg. urea) (2%) 
None | — i 0.501 0 

0.02 0.273 45.4 

NaF 0.01 0.392 21.8 
0.001 0.485 3.2 

0.02 0.123 75.3 

NaF.HF 0.01 . 0.392 21.8 
0.001 | 0.444 11.4 

0.02 | 0.059 | 88.7 

Na,SiF, 0.01 0.322 35.7 
| 0.001 0.404 19.4 

| 0.02 0.226 54.8 
CH.FCOOH | 0.01 0.398 20.6 
0.00! 0.475 3.5 


last two were almost resistant. It should be pointed out that a marked 
difference in susceptibilities of L- and p-isomers is almost equally observed 
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both with: free and with a-acylated arginine used as substrate. 

Effect of Metal Ions—As shown in Table V, the presence of Fet+ and 
Co** produced more than 50 per cent activation of p-arginase and Mn*+ 
was somewhat less effective. Almost all the other heavy metal ions tested 
acted as enzyme inhibitors. The inactivation by Hg*+ and Cu** was most 
powerful. 

Effect of Fluoride—Table VI shows that 0.02 M fluorides exhibited more 
than 50 per cent inhibition and 0.001 M fluorides were less inhibitory. The 
degree of inhibition decreases according to the following series of com- 
pounds: Na.SiF,, NaF-HF, NaF, and CH.FCOOH. 

Effect of Ornithine and Lysine—Since ornithine and lysine were reported 
(17, 18) to be competetive inhibitors of arginase action upon L-arginine, 
effect of these amino acids upon p-arginine has been tested. The results are 
summarized in Table VII, which indicates clearly that L-ornithine and 
L-lysine act as inhibitors also upon D-arginase. L-ornithine and L-lysine 
caused the strongest inhibition, and p-lysine was less inhibitory than the 
L-isomer. 


Tas_e VII 
Inhibition by Amino Acid of the Action of Mouse Liver 
Arginase upon D-Arginine 


(Incubation for 24 hours. panies by urease-microdiffusion method) 


== —— = = ——— = Boo SS SS ee SS SE 


ee Final a ee 4 Arginase activity | Inhibition 
Addition | | (eta) | (96 
| None | 0.292 Ke 0 
0.02 0.022 92.3 
L-Ornithine 0.002 | 9-151 pe 
0.001 0.169 41. 
0.0002 | 0.191 34.6 
None | 0.339 0 
= 0.002 0.148 Bore 
L-Lysine 0.000 | 0.179 46.8 
0.0002 | 0.270 20.2 
| None \ 0.288 | 0 ; 
| 0.02 0.135 53. 
DL-Lysine | 0.002 | 0.159 | 44.8 
| 0.001 | 0.255 11.5 
0.0002 | 0.285 } 1.1 
None | 0.304 0 
0.02 0.175 42.2 
D-Lysine” 0.002 0.249 14.7 
0.001 0.274 8.4 
x 0.0002 0.303 0 


1) A kindly supplied by Dr. T. Murachi (22). 


Formation of D-Ornithine by the Action of Mouse 
‘Liver Arginase upon D-Arginine 


A solution of one g. of D-arginine monohydrochloride in 10 ml. of water 
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was mixed 100ml. of mouse liver homogenate (1:10). The mixture was 
adjusted to pH 9.2 and incubated under toluene at 37° for 48 hours. In 
order to ascertain the completion of hydrolysis, the pH of the mixture was 
then ajusted to the optimum pH, 20 ml. of the freshly prepared enzyme 
solution were added and the digestion was allowed to proceed for another 
48 hours. At this time the digest mixture gave only faintly positive 
Sakaguchi reaction. The mixture was then brought to pH 7.0, and 
incubated with 5ml. of 5 per cent urease solution at 37° in order to 
decompose urea formed by arginase. After digestion for 24 hours the 
mixture was acidified to pH 4.0, boiled with charocoal for 10 minutes and 
the coagulated protein was filtered by suction, and washed several times 
with cold water. The combined filtrate was evaporated in vacuo to about 
30 ml. and then adjusted with | VN NaOH toa strongly alkaline reaction to 
a strongly alkaline reacton to phenolphthalein. After filtration, the product 
was benzoylated in a usual manner to isolate p-ornithine as its dibenzoyl 
derivative. The crude material which precipiated on acidification was 
collected by suction, throughly washed with cold water, air- dried, and 
repeatedly extracted with small portions of ether and hot petroleum ether. 
The insoluble residue was dissolved in as small an amount of warm ethanol 
as possible and acidic water (pH 4) was added dropwise until a faint 
permanent turbidity occurred. After standing overnight in an ice box, the 
white precipitate of dibenzoylornithine was collected by suction. The 
product was recrystallized three times from ethanol-water in the manner 
described above, air-dried, and shown to be dibenzoyl-p-ornithine by 
analysis. The yield was 0.3g.. or 21.4 per cent of the theoretical: m.p. 
180° (uncorr.); Cad2=—6.8° (¢ 4, 1N NaOH). CaJ% in literature: +7.8 
(natural ornithuric acid in NaOH) (J9); —9.2 (resolution product of p-form, 
in NaOH, isolated as brucine salt from synthetic dibenzoyl-pL-ornithine) 
(20). . 
Analysis* Calcd. for C,yHoH,Ne: C, 67.5; H, 5.92; N, 8.23. 
Found: C, 66.78; H, 5.86; N. 8.43. 


DISCUSSION 


The specimen of p-ornithuric acid isolated from the incubation mixture 
containing D-arginine and the mouse liver homogenate showed somewhat 
lower m.p. and Cap as compared with those reported in literature (19, 20). 
This may be partly resulted from the long-term incubation of p-arginine in 
an alkaline medium. 

Question then arises whether the enzyme of the mouse liver responsible 
for splitting of L-arginine is identical with that for breakdown of the p- 
isomer. Previous papers have described somewhat conflicting data in this 
respect. Thus, Hunter and: Woodward (2/) pointed out that an 
unmodified guanido group and a free carboxyl group of arginine molecule 


* Elementary anlysis was performed by the Center of Microanalysis, Kyoto University. 


STUDIES ON ARGINASE. II 1019 


are the conditions prerequisite for the action of liver arginase and a-amino 
group does not offer any point of attachment to the enzyme molecule so 
that L- and p-arginines are hydrolyzed by the same single enzyme. On the 
contrary, Sano (5) reported a successful separation of two enzymes each 
responsible for splitting of L- or p-arginine from rabbit intestinal mucosa 
by meaus of adsorption on alumina Cy. 

Among the results obtained in the present experiment, the followings may 
be favorable for the verification of Hunter’s hypothesis that one single 
enzyme, arginase, acts upon both L- and p-arginine; that enzyme actions 
on L- and p-arginine showed (J) similar pH optima ‘Fig. 1), (2) activation 
by manganous or cobaltous ion in similar way, (3) similar patterns of 
inhibition by lysine or ornithine (Table VII) and by heavy-metal ions 
(Table V), and (4) the activity ratio of arginase actions on L- and p-arginine 
was almost the same order of magnitude as that of its actions on a-acyl-1- 
and a-acyl-p-arginines (Table IV). 

On the other hand, the observed difference in stability of the enzyme 
responsible for splitting of L-arginine from that for the p-isomer (Table II), 
and the different distribution of two enzyme actions amon¢ various animal 
tissues (Table I) may suggest the possible existence of two optically specific 
enzymes different from one another. However, an attempt to separate these 
two enzymes contained in mouse liver extract from each other by means of 
acetone fractionation or adsorption on alumina C; at various of pH as 
reported by Sano (35) was unsuccessful, because of instability of the enzyme. 
Further investigation to solve this kind of complicated problem are now 
underway. 


SUMMARY 


The distribution in animal organs and some properties of pD-arginase 
(p-arginine-splitting arginase) have been investigated. 

1. The splitting of p-arginine can be quantitatively detected at high 
enzyme concentrations. The activity is markedly variable depending upon 
the kind of tissues: it is strong in the liver of man, rabbit, and mouse, 
weak in tissues of dog and toad, and only in trace in tissues of hog, cow, 
and rat. 

2. p-Arginase is so unstable, in contrast to L-arginase, that the activity 
is lost by heating at 55°, by autolysis at 37°, and even by standing at 0°. 

3. p-Arginase has a pH optimum of 9.5. It is activated by manganous, 
cobaltous, and ferrrus ions and inhibited by lvsine, ornithine, heavy-metal 
ions, and fluorides. 

4. Mouse liver extract has been found to split p-arginine into urea and 
p-ornithine, the latter compound being isolated from the digest mixture as 
its dibenzoyl derivative and identified. 


The author wishes to express his hearty thanks to Prof. S. Utzino for invaluable 
suggestions in the course of the present experiment. 
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STUDIES ON THE METABOLISM OF LEUCONOSTOC 
MESENTEROIDES P-60 


I. THE REQUIREMENT OF PURINES AS GROWTH FACTORS 
AND THE EFFECT OF ANTIMETABOLITES 
ON THE GROWTH 


By TOMOHARU OKUDA AND MIKIHISA SAWA 


(From the Tokyo Research Laboratory, Tanabe 
Setyaku Co. Lid., Tokyo) 


(Received for publication, April 7, 1958) 


It has been demonstrated by several investigators that many microor- 
ganisms require purine derivatives for their growth and that their metabolic 
pathways vary with purine-requirements (J—5). Leuconostoc mesenteroides P-60 
(Streptococcus equinus P-60) is reported to require an exogenous purine for its 
growth. Among the purines, guanine, xanthine or hypoxanthine is required 
by this organism, but adenine is not essential (J, 6). 

Recent advances in the field of purine-antimetabolites have contributed 
much to the study of bacterial purine metabolism (7, 8), however very little 
has been published concerning the effects of purine-antimetabolites on this 
strain. It this article, the authors would like to report some of the observa- 
tions obtained in this laboratory with respect to the characteristic purine 
metabolism of Leuconostoc mesenteroides P-60. 


EXPERIMENTAL 


Microorganism—Leuconostoc mesenteroides P-60*, which is ordinarily employed for the 
microbioassay of amino-acids, is the sole strain used in this experiment. The stock culture 
is maintained in agar medium which contains one per cent each of peptone, yeast-extracts, 
glucose, sodium acetate and two per cent of agar. The culture is incubated for 24 hours 
at 37° after inoculation. 

Test Medium—The basal medium for test consists of carbon sources, eighteen aminoacids, 
vitamin-B groups and minerals as shown in (Table I). Test media are prepared by adding 
to this basal medium purine-derivatives and/or vitamins which would be tested. 

Methods—One loopfull of the bacteria from the stock culture is transfered into a tube 
of liquid medium which consists of the same composition as the stock medium except agar 
and incubated for 24 hours at 37°. After incubation, the medium is centrifuged and 
discarded. The precipitate is washed four times with physiological saline solution. The 
final suspension of the cells is made to give a concentration of 10° cells per ml. Then 
0.01 ml. of the suspension is inoculated into each of test-media which contain various 


+ This strain was kindly furnished by Dr. K. Kitahara of the Institute of Applied 
Microbiology, The University of Tokyo. 
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compounds studied in this experiment, and incubated at 37’. The test-media are brought 
to a total volume of 2ml. in test-tubes, 2x 10cm. in size, and sterilized at 100° for 20 
minutes before inoculation. The bacterial growth is determined in a spectrophotometer 
by measuring the optical density of the suspension at 480 my.* wavelength after 24 hours 


incubation unless otherwise noted. 


TaBLe [| 
Basal Medium 


Vitamins 


Amino acids | (ug./ml.) | | (ug./ml.) 
DL-Alanine 100 | Riboflavin ! i 
DL-Aspartic acid 200 | Thiamine 1 
L-Arginine 100 Pyridoxine 1 
L-Cystine 50 Pyridoxal 0.2 
L-Glutamic acid 250 Ca-nantothenate 1 
Glycine | 50 Nicotinic acid 1 
L-Hystidine 50 | Biotin ; 0.01 
DL-Isoleucine 100 | ~ Minerals Bet sae 
L-Leucine 50 K,HPO, 500 
shige {ee dDe) OP OREO; | 500 
Di-Methionine 100 MgSO,-7H:O "906 
DL-Phenylalanine | 100° "| FeSO,:7H-O 0.01 
L-Proline | hess MnSO,-4H;O0 0.01 
DL-Serine | 50 | NaCl 0.01 
DL-Threonine | 100 NH,Cl . 1500 
DL-Tryptophane | Uh Glucose | 10 (mg./ml.) 
L-Tyrosine | 50 | Na-acetate { 3 (mg./ml.) 
DL-Valine : 100 Initial pH | 6.8 


RESULTS 


Effects of Purines, Pyrimidines and Vitamins—The effects of purines, pyrimi- 
dines and vitamins in the basal medium on the growth of the bacteria are 
shown in (Fig. 1). No appreciable growth is observed in non-supplemented 
basal medium. The presence of para-aminobenzoic acid, pteroylglutamic 
acid, formyl folic acid, or vitamins (B,2 etc.) shows no growth-promoting- 
effect. The addition of pyrimidines fer se has also no stimulatory effects. 
However, the addition of purine mixtures promotes the growth as well as 
the complete medium, no further effect is observed by the addition of the’ 
vitamins cited above. The addition of a sufficient amount of 4-amino-5- 
imidazolecarboxamide (AICA), presumably a precursor in purine biosynthesis, 
has no effect on growth, 

* Quantities of the bacteria are proportional to the optical densities over a wide 
range around 480 mz. 
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Effects of Purines on Growth—Growth effects of many purines are shown 
in (Fig. 2a). Hypoxanthine, xanthine guanine and isoguanine are effective. 
but adenine, 2,6-diaminopurine and uric acid are not. Among ribosides 
of aminopurines, only guanosine shows the effect while adenosine and 
adenylic acid like adenine are not effective. The response curves of 


Complete medium!’ 
Basal medium 
Basal medium plus P.A.B.A. (1 xg./ml.) 
P.AB.A. (1 pg./ml.) 
» Plus pteroylglutamic Acid (0.01 pg/ml.) 
vitamin B,- (0.01 zg./ml.) 


» plus uracil (10 »g./ml.) 


» Plus purines (guanine, xanthine, and 
adenine: each 10 zg./ml.) 


>» Plus purines, P.A.B.A., ae a 
acid and vitamin 


» plus A.I.C.A2 (100 »g./mi.), P.A.B.A., 
pteroylglutamic acid, and vitamin By 


Le) 0.1 0.2 0.3 
OPTICAL DENSITY 


Fic. 1. Effect of purines and/or vitamins. 
—— growth in 24 hours.; ---—- growth in 3 days 
1. Compiete medium: Basal medium plus PABA (1 yg./ml.) Pteroyl- 
glutamic acid (0.01 #g./ml.), guanine, adenine, xanthine (each 10 gg./ml.) 
and uracil (10 #g./ml.) 
2. AICA: 4-Amino-5-imidazole carboxamide. 


hypoxanthine, xanthine, guanine and isoguanine are identical as shown ir 
(Fig. 2b), the maximum growth being at the concentration of ca. 40 yg. pe 
ml. In this case, the addition of pyrimidine (uracil) shows some stimulatory 
effect. 

Inhibitory Effects of Several Purine Antagonists—The inhibitory effects of sir 
purine antagonists were tested in the basal medium supplemented wit! 
hypoxanthine (10 y4g./ml.). Results are shown in (Fig. 3.). Among thes: 
antagonists, 8-azaguanine has a strong inhibitory action on growth whil 
8-azaxanthine shows a weak response. Almost no effects are observed by 
the addition of 8-azahypoxanthine, 8-azaadenine, 6-mercaptopurine and 2,6 
diaminopurine to the media. 

Competition between Guanine and 8-Azaguanine—The competitive action o 
guanine to the inhibitory effect of 8-azaguanine on growth is shown it 


1024 T. OKUDA AND M. SAWA 


Fig. 4a. The inhibitory index (50 per cent inhibition) of 8-azaguanine can 
be calculated from the response curves of the growth obtained with media con- 
taining guanine or guanosine (Fig. 4b). It would be difficult to say that 


Hypoxanthine 20 yg./ml. 
Xanthine 20 ug./ml. 
Guanine 20 pg./ml. 
Isoguanine 20 pg./ml. 
Adenine 50 zg./ml. 


2,6-Diaminopurine 50 zg./ml. 


Uric acid 50 pg./ml. 


Guanosine (Equi. Mol. to Guanine, 
20 ug./ml.) 


Adenosine Gs) 
Guanylic acid (,,) 
Adenylic acid (,,) 


Q 0.1 0.2 0.3 


OPTICAL ODENSITY 
Fic. 2a. Effect of purines. 


> HX, X, &, 
a Guanosine 
Zz (equi. mole) 
t=) 
4 
< 
2g 
er 
a 
° 
te) 10 20 40 80 
CONCENTRATION OF PURINE (y9./ml) 
Fic. 2b. Responce curves of purines. 
—— Purine without uracil, ---— Purine with uracil (10 zg./ml.) 


this might be a competitive antagonism in astrict sense because the inhibition 
index varied with the concentration of the metabolites in the media, but the 
inhibition indexes are comparatively constant enough to recognize that 
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0.1 


0.05 


OPTICAL DENSITY 


0.1 1.0 10 100 1000 
CONCENTRATION OF ANTIMETABOLITE (g./mi.) 
Fic. 3. Growth inhibition action of various purine antimetabolite. 
Medium: Basal medium plus hypoxanthine 10 zg./ml. A-G: 8-Azaguanine, 
A-X: 8-Azaxanthine, A-HX: 8-Azahypoxanthine, A-A: 8-Azaadenine, D-P: 
2,6-Diaminocpurine, M-P: 6-Mercaptopurine. 


OPTICAL DENSITY 


o 10 100 1000 
CONCENTRATION OF 8-AZAGUANINE (pg/ml) 


Fig. 4a. Antagonistic action between 8-azaguanine and guanine 


(guanosine). 
Numbers in the graph shows concentration (zg./ml.) of guanine and 
guanosine (equi. mol. to guanine). ——-: Guanine, ----: Guanosine. 

x< 

a 

= 

= 4 

°o 

= 

a 

ze 

a 


° 10 20 40 100 


CONCENTRATION OF GUANINE (GUANOSINE )(pg_ /mi.) 


Fic. 4b. Inhibition index of 8-azaguanine. 
— —: Guanine, ----: Guanosine. 
Molar concentration of inhibitor 
Molar concentration of metabolite 
(at 50 per cent inhibition) 


Inhibition Index= 
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there is a remarkable competitive antagonism between 8-azaguanine and 
guanine (or guanosine) at the optimal concentration of the metabolites. 


DISCUSSION 


Leuconostoc mesenteroides P-60 repuires preformed exogenous purines as an 
essential growth factor in the synthetic basal medium (Table I) apparently 
due to its inability to synthesize some of the purines (Experimental 1, Fig. 1.). 
Purine derivatives such as hypoxanthine, xanthine, guanine and isoguanine 
demonstrate a growth-promoting effect, but adenine and 2,6-diaminopurine 
have no such effect. The inhibitory effect of 2,6-diaminopurine is not 
pronounced (Exp. 3, Fig. 3). Suzuki (6) reported that this strain had an 
ability to adapt itself to a medium containing adenine, but in this laboratory 
the adaptation was not distinctly observed while adenine was demonstrated 
to have a competitive action against 2,6-diaminopurine which prevented 
the growth at a high concentration*. Hitching et al. (9) suggested that 
both adenine and 2,6-diaminopurine shared a common enzyme system in 
L. casei. In this case the fact that both of those purines have no remarkable 
action on the growth of L. mesenteroides P-60 may suggest that the enzyme 
involving adenine does not exist in this strain, but guanine is required for 
the system. Among purine antagonists, 8-azaguanine and 8-azaxanthine have 
remarkable growth inhibiting effect, being observed to be competitive with 
corresponding purines (Exp. 3,4). Kidder (JO) observed that 8-azazuanine 
was competitive with guanosine and guanylic acid in Tetrahymena geleii and 
in the case of guanine its inhibition indexes increased as the amount of 
added guanine increased. In this strain the response curves of guanine and of 
guanosine are equimolecularly identical and their inhibition indexes are also 
similar. 


SUMMARY 


The purine-requirement and effects of purine antimetobolites in Leuconostoc 
mesenteroides P-60 were studied. ‘This strain required one of the following 
preformed exogenous purines for growth: guanine, xanthine, hypoxanthine 
and isoguanine, but not adenine. 8-Azaguanine and 8-azaxanthine showed 
competitive growth inhibiting effects. 


The authors with to acknowledge the helpful advices and suggestions of Dr. Y 
Miura and Dr. K. Kitahara of the University of Tokyo. 
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DENATURATION AND INACTIVATION OF 
ENZYME PROTEINS 


xX. THE EFFECTS OF VARIOUS AGENTS ON 
CRYSTALLINE FUMARASE* 


By MINORU INAGAKI, TAKAHIRO MASUDA, 
AND KAZUO OKUNUKI 


(From the Department of Biology, Faculty of Science, 
- University of Osaka, Osaka) 


(Received for publication, April 9, 1958) 


In the preceding paper (J), it was reported that the crystalline fumarase, 
unlike other crystalline enzymes such as a-amylase, catalase, and alcohol, 
lactic, and triosephosphate dehydrogenases, is inactivated and digested dur- 
ing the incubation with bacterial protejnase. The present paper deals with 
additional data on the inactivation of fumarase by bacterial proteinase, and 
with the study on the effects of various agents on the enzyme protein. 


EXPERIMENTAL 


Crystalline Fumarase—The enzyme was prepared from pig heart muscle as described 
in the preceding paper (J). 

Bacterial Protetnase—Crystalline bacterial proteinase preparation, “ Nagarse” was used 
as described in the preceding paper (J), which was supplied by the Nagase Co. Ltd. 

Other Proteclytic Enzymes—Crystalline trypsin was kindly furnished by Dr. N. Sakota 
of Dainihonzoki Co. Ltd. Crystalline carboxypeptidase from beef pancreas was supplied by 
Professor S. Akabori of Osaka University. 

Other Materials—Diphosphopyridine nucleotide was prepared from baker’s yeast accord- 
ing to the method of Okunuki ée¢ al. (2). Crystalline adenosine triphosphate was pre- 
pared from rabbit muscle by the method of Cohn and Carter (3) and Berger (4). 
Ribonucleic acid from brewer’s yeast was kindly furnished by Dr. Y. Sugino of Takeda 
Pharmaceutical Industry Co. Ltd. 

Assay of Fumarase Activity—The activity was determined by the spectrophotometric 
method of Racker as described in the preceding paper (7). The values reported here 
are the initial velocities, and are expressed as decrease in optical density at 300myz per 
unit time under the following conditions: fumarate, 0.0167 M ; M/30 phosphate buffer, 
pH 7.4; final volume, 3.0 ml. ; rig ee ieee 30°. 

The “per cent inactivation ” was calculated from the following equation: 

Per cent inactivation=(Initial activity—Residual activity) x 100/(Initial activity) (i) 

The “ per cent residual activity” was calculated from the following equation : 

Per cent residual activity=(Residual activity) x 100/(Initial activity) (ii) 


* An outline of this work was given at the general meeting of the Japanese Biochemical 
Society at Fukuoka, in October 1956. 
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RESULTS 


Effect of Proteinase Concentration on Fumarase Activity—In the preceding paper 
(1), it was reported that inactivation of crystalline fumarase by bacterial 
proteinase is attributable to the proteolytic action of the proteinase. To 
obtain further information about the interaction between fumarase and 
proteinase, studies were made as follows. 

When fumarase was incubated with various concentrations of bacterial 
proteinase for one hour, the extent of the inactivation of the enzyme in- 
creased with the concentration of the proteinase as shown in Fig. 1. At an 
equimolar concentration of the two enzymes, fumarase was inactivated to 
about 50 per cent for one hour. As has been reported previously the 
molecular weights of fumarase and proteinase are 200,000 (5) and 30,000 (6), 
respectively. A 1:1 molar ratio corresponds to a 1:7 (proteinase : fumarase) 
ratio on a weight basis. The other enzymes investigated previously (7, 8, 
10-13) were not digested by the proteinase when a 1: 3-7 ratio on a weight 
basis was used. Therefore the concentration of proteinase used in present 
investigation was not very high. 
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MOLAR RATIO 
( PROTEINASE : FUMARASE ) 


Fic. 1. Relation between concentration of bacterial proteinase and 
inactivation of fumarase. 

1.0 ml. of 0.03 per cent fumarase was incubated with 0.5 ml. of various 
concentrations (0.035 to 0.00045 per cent) of proteinase for one hour at pH 
7.4 and 30°. The final volume of the reaction mixture was 2.0 ml.. 0.5 ml. 
of the reaction mixture was used to measure activity, as described in the 
text. 


The activity is expressed as the decrease in optical density at 300 mz 
in the initial 90 seconds. 


When the absolute concentrations of both enzymes were varied keeping 
their relative concentrations at a molar ratio of 1:1, the per cent inactiva- 
tion of fumarase decreased with its concentrations, as shown in Fig. 2. This 
effect most probably resulted from a decreased frequency of collision of 
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proteinase and fumarase molecules. In the absence of proteinase, the 
fumarase activity decreased in proportion to its concentration, and dilution 
caused no inactivation. It is suggested that fumarase was not changed to 
a more inactive or digestible form by dilution. 


FUMARASE ACTIVITY 
(%) NOILWAILOWNI 


0.25 0.5~ 0.75 U 
DILUTION 


Fic. 2. Relation between fumarase inactivation and concentrations 
of fumarase and proteinase. 

The fumarase concentration varied from 0.0044 to 0.0011 per cent, and 
bacterial proteinase from 0.00066 to 0.000165 percent. 1.0 ml. of fumarase 
was incubated with 1.0 ml. of proteinase, at pH 74 and 30°. The molar 
ratio of the enzymes in the incubation mixture was 1:1 in all experiments. 

After incubation, 1.0 ml. of the mixture was used for measuring fumarase 
activity, as described in the text. The activity is expressed as decrease in 
optical density at 300 my in the initial 90 seconds. 

Curve 4; Fumarase activity with proteinase. Curve B; without pro- 
teinase. Curve C; per cent inactivation. 


Effect of Nucleotides and Nucletc Acid on Inactivation of Fumarase by Bacterial 
Proteinase—Diphosphopyridine nucleotide and adenosine triphosphate have 
been shown to protect lactic-, alcohol-, and triosephosphate dehydrogenases 
from denaturation by urea (7, &). 

The effect of these nucleotides on the inactivation of fumarase by 
proteinase was therefore examined. As shown in Table I, they had no 
protective action. It has been reported that digestion of casein by cathepsin 
is inhibited by the addition of ribonucleic acid (9). However, in the case 
of inactivation of fumarase by proteinase, yeast ribonucleic acid has no 
protective action and only a slightly deleterious effect, as shown in Table I. 

Effect of Trypsin and Carboxypeptidase on Fumarase—As shown in Fig. 3, 
trypsin and carboxypeptidase did not inactivate fumarase even at quite high 
concentrations. 

Inactivation of Fumarase from Beef Heart Muscle by Bactericl Proteinase—A 
crude fumarase preparation from beef heart muscle, like the crystalline en- 
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zyme from pig heart‘ muscle, was inactivated by incubation with bacterial 
proteinase. Therefore inactivation by bacterial proteinase may be a general 
property of fumarase, at least from animal sources. 


TABLE I 
Influence of Diphosphopyridine Nucleotide (DPN), Adenosine Triphosphate 
(ATP), and Yeast Ribonucleic Acid (RNA) on the Inactivation 
of Fumarase by Bacterial Proteinase 


Conditions: Experiment 1; fumarase, 0.014 per cent; proteinase, 0.005 per 
cent; final volume, 2.0 ml.; incubation period, 60 minutes. Experiment 2; fumarase, 
0.012 per cent; proteinase, 0.01 per cent; final volume, 3.0 ml.; incubation period, 
30 minutes. Experiment 3; fumarase, 0.018 per cent; proteinase, 0.008 per cent; 
final volume, 2.0 ml.; incubation period, 30 minutes. Additions were made to the 
incubation mixture as indicated after being dissolved in buffer and adjusted the 
pH to 7.4. 

1.0 ml. of incubation mixture was used to measure fumarase activity as described 


in the text. 
Experiment Adaiions | Pro ihieaes Fumarase Inactivation 
number activity* per cent 
| None ~ 0.136 100 
| None | 4: | 0.034 25.0 
DPN, 2.5 me. = 0.130 95.5 
DPN, 2.5 mg. re 0.030 22.0 
: | DPN, 1.25mg - 0.136 100.0 
| DPN, 1.25 mg. + 0.035 25.6 
DPN, 0.625 mg. = 0.133 97.5 
| DPN, 0.625 mg. + 0.039 28.5 
None _ 0.116 100 - 
| None + 0.049 42.2 
- ATP, 18mg. | + 0.031 26.7 
! ATP, 99mg. | + 0.043 28.5 
| None | a 0.175 100 
None + 0.090 51.4 
RNA, 3 me. | = 0.085 48.6 
RNA, 3 mg. | + 0.065 37.1 


* Fumarase activity was expressed as decrease in optical density at 300 my 
during the initial 60 second period. 


Inactivation of Fumarase by Urea—Like most other enzymes, fumarase was 
inactivated by incubation with urea. Fig. 4 shows the inactivation of 
fumarase by various concentrations of urea. To examine whether the struc- 
ture of fumarase, which had been partially inactivated by urea, was modified, 
it was incubated with bacterial proteinase. As shown in Fig. 5, fumarase 
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treated with a low concentration of urea was inactivated more rapidly by 
proteinase than untreated fumarase. The effect of urea disappeared when 
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Fic. 3. Action of trypsin and carboxypeptidase on fumarase. 

Reaction mixtures; fumarase, 0.015 per cent; trypsin, 0.01 per cent; 
carboxypeptidase, 0.04 per cent; bacterial proteinase, 0.005 per cent. pH 
7.4. ._Temperature, 30°. 

Curve A: Fumarase alone. Curve B: Fumarase with trypsin. Curve C: 
Fumarase with carboxypeptidase. Curve D: Fumarase with bacterial 
proteinase. 
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Fic. 4. Inactivation of fumarase by urea. 

1.0 ml. of 0.032 per cent fumarase was incubated with 0.5 ml. of urea, 
in the concentrations indicated, at pH 7.4 and 30°. Final volume, 2.0 ml. 

At intervals 0.3 ml. of incubation mixture was used for assay of 


activity. 


it was diluted with buffer solution (curve B). Therefore this rapid inactiva- 
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tion is probably due to a modification of the structure of the enzyme by 
urea to a form more easily digestible by proteinase. 
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Fic. 5. Inactivation of urea-treated fumarase by bacterial 
proteinase. 

Urea-treatment: 3.0 ml. of 0.03 per cent fumarase was mixed 
with 3.0 ml. of 4.5 M urea and incubated for 30 minutes at 30°. 

Incubation with proteinase: Curve A—3.0 ml. of urea-treated 
fumarase incubated with 0.75 ml. of 0.01 per cent proteinase and 
2.25 ml. of 41/30 phosphate buffer, pH 7.4, at 30°. Curve B—3.0 ml. 
of urea-treated fumarase incubated with 3.0 ml. of buffer at 30”. 
Curve C—2.0 ml. of 0.03 per cent fumarase incubated with 1.0 ml. 
of 0.01 per cent proteinase and 5.0 ml. of buffer. Curve D—2.0 ml. 
of 0.03 per cent untreated fumarase incubated with 6.0 ml. of 
buffer. 

1.0 ml. of incubation mixture was used for assay of activity as 
described in the text. Activity is expressed as decrease in optical 
density at 300 my during the initial 60 second period. 


DISCUSSION 


In the preceding (J) and present investigations it was observed that 
fumarase is easily inactivated and digested by bacterial proteinase without 
any pretreatment. In previous papers it has been reported that some en- 
zymes, such as amylase (10-12), catalase (13), and some dehydrogenases (7, 
8, 16), were not destroyed by proteinase even when it was present in a ratio 
of 1:3-7 (proteinase: enzyme, on a weight basis). Fumarase was inactivated 
to about 50 per cent for one hour at an equimolar concentration of fumarase 
and proteinase. A 1:1 molar ratio corresponds to a 1:7 (proteinase : 
fumarase) ratio on a weight basis. Fumarase was not inactivated by dilu- 
tion. From these facts, it is considered that inactivation and digestion of 
fumarase by proteinase is not due to an excessively high concentration of 
proteinase, or to a dilution of fumarase, and this property of the enzyme is 
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a specific characteristic of iv. 

Its inactivation by a relatively low concentration of urea seems to sug- 
gest that secondary structure of this enzyme is less rigid. However, fumarase 
in the crystalline state lost little activity during storage for several months 
in the refricerator and in solution retained complete activity for several 
hours at 30° ~ 

The oxidized form of crystalline cytochrome c from baker’s yeast is 
digested by bacterial proteinase (17). Glutaminocarboxylase from plants and 
malic dehydrogenase from pig heart muscle were observed in a preliminary 
experiment to be rapidly inactivated by bacterial proteinase*. It is, there- 
fore, conceivable that there are two groups of the enzymes, the one resistant 
to bacterial proteinase and the other digestible even in the active state. The 
latter group «ould have a structure comparatively susceptible to bacterial 
proteinase. The idea that active enzymes have so rigid structures that they 
are not susceptible to proteinase action without pretreatment (/0-/3), may 
therefore be true only in the former group of enzymes. 

Some dehydrogenases are converted to holoenzymes in the presence of 
coenzyme, and these holoenzymes are more stable than their apoenzymes 
(7, 8). Fumarase does not require the nucleotides as coenzyme. Therefore 
it is easy to understand that the nucleotides did not protect fumarase from 
inactivation by proteinase. 

Fumarase like other enzymes described in previous reports (7, 8, 10-13, 
16), became more susceptible to proteolytic digestion after treatment with 
urea. It is suggested that the inactivation of fumarase by urea is due to 
modification of the protein structure to a form more easily digestible by 
proteinase. 


SUMMARY 


The relationship between the inactivation of crystalline fumarase and 
concentration of bacterial proteinase was investigated. Increase in concentra- 
tion of the proteinase accelerated the rate of the inactivation of fumarase. 
At a 1:1 molar ratio, fumarase was about 50 per cent inactivated in one 
hour. Fumarase was not inactivated by dilution. 

Nucleotides and nucleic acid did not protect fumarase from inactivation 
by the proteinase. 

Like other enzymes, fumarase was inactivated by urea. This inactiva- 
tion was probably caused by a modification of the structure of the fumarase 


protein. 
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LETTERS TO THE EDITORS 


The Journal of Biochemistry, Vol. 45, No. 12, 1958 


ADENYLATE KINASE IN HUMAN ERYTHROCYTES 


Human erythrocytes contain a highly active adenylate kinase, the ac- 
tivity of which seems to be nearly comparable to that in rabbit muscle. 
The presence of the enzyme was suggested by the earlier finding obtained 
in our laboratory that a very rapid equilibration was achieved among the 
labile phosphate groups of adenosinediphosphate (ADP) and adenosinetri- 
phosphate (ATP) in these cells (7). So far much was not known about the 
human enzyme, though the presence of the enzyme in some animal blood 
cell and some of its properties were reported by Kotel’nikova (2). 

Two milliliters of hemolyzate, corresponding to 0.5 ml. of erythrocytes, 
was incubated with 5 micromoles of ADP at 37°. The paper chromato- 
graphic analysis of the reaction products demonstrated a rapid conversion 
of ADP into adenosinemonophosphate (AMP) and ATP, which was almost 
complete in less than 20 seconds. Longer incubation resulted in no further 
appreciable change in the amounts of the three nucleotides, except that AMP 
was slowly converted into inosinemonophosphate by deamination reaction. 
These findings were interpreted to indicate that the acivity of the adenylate 
kinase was much higher than that of the AMP deaminase. 

The activity of the enzyme was assayed by coupling the hexokinase 
with it using terminal phosphate labeled P*-ADP and glucose as substrates. 
The reaction was allowed to proceed for 5 minutes at 30° and was stopped 
by addition of diluted sulfuric acid. The solution was kept at 100° for 15 
minutes to hydrolyze the remaining ADP. The liberated inorganic ortho- 
phosphate was extracted with isobutanol as phosphomolybdic acid on addi- 
tion of sodium molybdate. The unextracted radioactivity in aqueous layer, 
which represents the activity of glucose-6-phosphate, was counted. Linear rela- 
tionship existed between the amount of the adenylate kinase and the rate of 
conversion of the labile phohphate of ADP to the stable phosphate of 
glucose-6-phosphate within the range of 0-59 per cent. 

The enzyme was somewhat resistant to acid and heat, though the stability 
is far less than that of the enzyme from rabbit muscle (3). This finding 
conformed with the result of Kotel’nikova. After the treatment of 
hemolyzate in 0.1 NV HCI at 60° for 2 minutes nearly 60 per cent of the 
enzyme activity was recovered. At 90° for 5 minutes the recovery was about 
10 per cent. Addition of cysteine to the hemolyzate before or after the 
heat treatment had no protective effect on the loss in the activity. The heat 
treatment and the subsequent neutralization resulted in partial purification 
of the enzyme. A typical result was shown in Table I. 

The enzyme activity in hemolyzate was nearly equal between pH 7 and 
9 under the condition of the assay method. When the hemolyzate was 
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TABLE I 
Summary of Purification Procedure 
One unit of enzyme is defined as that amount which causes the 
formation of 1 micromole of ATP per minute under the condition of 
the assay, in which ADP and MgCl, concentrations are 1x10-? M and 


' Total protein Total units | Specific activity 


in acid 


| 2 ‘ 
Step (mg.) | (uM./min.) | (#M./min./mg.) 
Hemolyzate (10 ml.) q 
corresponding to 5ml. | 1550 | 151 0.097 
of erythrocytes 
Filtrate after heating 44 90 . 2.05 


' 


centrifuged, nearly all of the activity was found in the supernatant fraction. 
Hemolyzate was stored at —15° for months without appreciable loss in the 
adenylate kinase activity. Erythrocytes from ACD (Acid Citrate Dextrose) 
blood preserved for six weeks possessed about the same enzyme abtivity with ~ 
that of fresh cells. The enzyme was also found in sheep and duck 
erythrocytes, so far as it was examined. In sheep cells the activity was far 
less than in human cells, reflecting the inert phosphate metabolism recently 
found in the former cells*. 

The presence of such an active enzyme in human erythrocytes, which 
are metabolically not so active, poses an interesting rroblem. We have 
obtained evidence** that the ratio of the quantities of AMP, ADP and 
ATP in human erythrocytes is dependent of the activity of the enzyme. It 
seems that this enzyme, if the level of ATP is maintained sufficiently high 
in the cells, may prevent the accumulation of AMP, which otherwise will 
irreversibly be deaminated to inosinemonophosphate, thus resulting in 
lowering of the level of the adenine nucleotides—a serious situation for the 
viability of the red cells. This problem will be discussed elsewhere with 
reference to preservation of blood. 
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properties: Higucht:...sccsscs-<-25-2-2 e005 
—: Biosynthesis, phenol 
relation, “higucht .cc2e-.succssconenceses=ac 
Lipid: BCG, fraction, 
tribution, Nojima, Kondo and Mizuno. 
—: Sphingosine base, colorimetric 


chemical 


inositol dis- 


determination, Sakagami ............... 
Lipoprotein: See Protein 
Lipovitellin: «- and $- —, egg yolk, 

preparation, properties, Sugano ...... 
Liver: Deoxyribonucleic acid, P* 


labelling, Amano, Kihara and Shiba- 


—: Rat, heme and hemeproteins, 
iron intdérforation, Minakami ......... 
—: Rat, heparin,o sulfuric: acid, in- 
corporation, in vitro, Sato, Suzuki, 
Fukuyama and Yoshikawa.............+..+ 


—: Regenerating —, protein, meta 


bolism, Ogata, Shimizu, Nishiyama and 


Lysozyme: Denaturation, urea, Hama- 
guchi ‘ 


SOc ee mero r ewe ean ern ewessneaseseseeessee 


Mammalian: Heart, ~rtochrome c, 


crystallization, Hagihara, Morikawa. 


oxidase, 


575 


707 


159 


379 


1021 


675 


515 


475 


313 


393 


799 


833 


79 
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Sekuzu and Okunukt .........0cecseeceeveree 
Malate: Lactate and —, dehy- 

drogenation, yeast, cytochrome be, 

role, Yamashita, Horio and Okunuki 


Malonate: Metabolism, human pla- 


centa, Hosoya and Kawada ............ 
Metal: Bivalent — ions, yeast, glycyl- 
glycine dipeptidase, activation and 
inhibition, Nisht 2a. ssw. ..sae-essesseeee eee 
—: — ions, effect, alkaline phos- 
phatase, Murakosht..1.o.s0a1-cste-ssnenas 
Microbial amylase: See Amylase 


Microsome: Ribonucleoprotein parti- 


cles, degradation, ribonuclease 
activity, Dashiro csc.csnsag-ese eens 
—: —, physicochemical character- 
istics, ribonuclease and _ trypsin, 
degradation, Tiashirosie-cs1 ae scsecees 
Mold: Acylases, N-acyl pL-amino 


acids, hydrolysis, Michi and Tsuda 
Molecular Clupeine and 
salmine, determination, Ando, Jwai 
and Kinutran st. <iciwecvactoaevexede sae 
Muscle: Glycerol-treated — fibres, 
Watanabe and Sleator ..........0.1cec0cees 
—: Heart —, transaminase system, 
optically essential amino 
acids, enzymatic preparation, Sakurai 
—: Whale, heart, crystalline cyto- 
chrome c, preparation, Minakami... 
Mushroom: Phenol oxidase, coniferyl 
alcohol, dehydrogenation products, 
Higuchi and Ito 


weight: 


active 


Deere ener e erent seerneece 


Myosin: — B, denaturation, Yasui, 
Fukazawa, Has.imoto, Kitagawa and 
SGSARU. son Stoadick os Soest asehk sous teamen castes 

N 
Nitrite: Denitrification, hydroxyla- 


mine, enzymatic gas production, 
Ihoasaki, ande Moria... ccd. eee 
Nitrogen: —ous compounds, and 
urea, metabolism, Chlorella elipsoidea, 


707 


363 


$3))| 


17 


899 


803 


745 


27 


763 


379 


547 


575 


717 


133 


N (cont’d) 
Hatton eer ee ee ee 
N-terminal residue: Salmine and 
clupeine, Ando, Yamasaki, abuku- 


magaw.:, Ishii and Nagai ..............- 
Nucleic acid: Alkaligenic acid, Al- 
caligenes faecalis, preparation, charac- 
terization, Akashi, Yokoi and Goto ... 
—: Microbial origin, separation, 
continuous paper electrophoresis, 
using, Akashi' and Yokoi .............-- 
—: Stability, £. coli, synthesized, 
chloramphenicol, presences, Horiuchi, 
Sunakawa and Mizuno .........-.------- 
—: Synthesis, Bacillus subtilis, amylase 
formation, Nomura and 
HO SOMA Pee ene rteee ssest nec setesewescenes 
Nucleoside: Purine and pyrimidine 
bases, ultraviolet absorption spectra, 
bromination, effect, Suzuki and Ito... 
Nucleotidase: 5’- —,- 5’-adenosine 
monophosphate, effect, Niwa, Hi- 
WUC and MELA prac, oesccce-seesec cee ce 
Nucleotide: Aspergillus oryzae, Okunuki, 
Iwasa, Imamoto and Higashtyama 
—: Poly 


relation, 


s, enzymatically synthe- 
sized, streptolysin-forming activity, 
Tanka, Egami, Hayashi and Maekawa 

Nucleus: Testis cell —, rainbow- 
trout, adult and immature, breeding 
season, basic proteins, Ando and 
WA TSREMIOLO Ree ateees 5-2 t eases cbr enscoseeeane 

—: Rainbow-trout, tesis, cell, pro- 
tein, change, Ando and Hashimoto ... 


oO 
Ovalbumin: Tryptic digestion, fatty 
CIOS WENMCCE, (KONA) ~-csscccecasersaeesee 
Oxidase: Hydroquinone —, Pseudo- 
monas aeruginosa, two types, Higashi 
—: Phenol —, lignin biosynthesis, 
relations LitgUchiv..-.seves-cs--s--scbecneee 
—: —, mushroom, - coniferyl alco- 


429 


957 


875 


123 


795 


453 


529 


151 
785 


515 


system, 


chromes, properties, Horio ............ 


—: —, respiring yeast, cytochrome 
b,, lactate and malate, dehy- 
drogenation, role, Yamasaki Horio 

—: —, yeast, cytochrome b,, action, 
role, Yamanaka, Horio and Okunuki... 

—: Tripeptides, hydroxyamino acid 
residue, periodic acid, Fujii and Ara 


Paper electrophoresis: - See Electropho- 
resis 

Pepsin: Catalase, modification, iso- 
lation and catalytic properties, Anan 

Peptide: Arginine-containing S, 
hemoglobin, Streptomyces griseus pro- 
teinase, hydrolysis, Sasakawa and 


—: Tri—s, hydroxyamino acid re- 
sidue, periodic acid, oxidation, Fujii 
Gnd Arakaroa ©.22s5.0.c20<cceeccasceatceree 

Peroxidase: Radish, coniferyl alcohol, 
dehydrogenation products, Higuchi 
[TN 2 Ses ee A en ee 

Tripeptides, hy- 
droxyamino acid residue, oxidation, 
Fujit and Arakawa 

Phage: —/bacterium system, vir- 
ustatic agents, antiviral activity, 


Phenol oxidase: See Oxidase 
Phosphatase: Alkaline —, metal ions, 


am eecerscenscsecssesercese 


575 
267 
195 
707 


291 


779 


227 


867 
779 
575 
779 
7 
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P (cont’d) 
phosphorus fractions, metabolic 
activity, relation, Tsukada, Takagaki 
ANGEL ANON icpan cee eer eeean abs nea sentes see 
Phosphorus: Acid soluble — com- 
pounds, paper chromatographic 
separation, Sekiguchi, Miyamoto, Na- 
kao and Yositkawa) nc-s.pssesrccesse=ts “es 
—: — fractions, brain slices, pro- 
tein-bound, radioactive phosphate, 
incorporation, metabolic activity, 
relation, Tsukada, Takagaki and 


TTI ONO Miers se asaneve raises evcaboetetperscnese 
Phosphorylation: Chloroplasts, O/- 
MUYAG, « sazenvetsercunieceae «sco giepseonscs Hot 


~—: Liver deoxyribonucleic acid, PS? 
labelling, Amano, Kihara and Shibatani 
Photosynthesis: — and pyruvic acid 
assimilation, action spectra, Rhodo- 
pseudomonas palustris, Takamatsu and 
MONG Wa ioe ccvtens vaveccscerssecacnedsscoed 
Pigeon: Crystalline cytochrome c, 
crystallization, Hagihara, Yoneda, 
Tagawa, Morikawa and Okunuki...... 
Placenta: Human —, malonate, 
metabolism, Hosoya and Kawada...... 
Plasma: Bovine, —albumin, subfrac- 


tions, turbidometric titration, Sogami 
—: —, —, w-thyroxine, binding, 
SOLAN tena csdicesncian sv seeapeeenecess Sea 


Polynucleotide: See Nucleotide 
Protamine: Carboxypeptidases, ef- 
fects, Ando, Tobita and Yamasaki ... 
—: Clupeine and salmine, end group, 
molecular weight, Ando, Iwai and 
DUMUTG aes otcnds i ssa vassee tendon eokas teens 
—: Rainbow-trout, adult and im- 
mature, breeding season, testis cell 
nuclei, basic proteins, Ando and 
Hashimoto .......20-000 be sseepoesoerens Senses 
—: — (Salmo irideus), testis, sper- 
matozoa forming, cell nuclei, pro- 
teins, changes, Ando and Hashimoto 


489 


919 


319 


541 


565 


363 


27 


453 


529 


Protein: Basic 


Salmine and clupeine, N-terminal 
residues, Ando, Yamasaki, Abukuma- 
gawa, Ishit and Nagai ............s0008+ 


Sy 


rainbow-trout, 


adult and immature, breeding sea- 
son, testis cell nuclei, Ando and 


Hashimotolc, sxtseecsa22es 


Po merceereesesaeevere 


—: Changes, rainbow-trout, testis, 


a 


cell nuclei, Ando and 

Egg yolk 
lipovitellin, preparat 
SUZGNO a... .coscuteeue oe 
—, composition, 
tic, Sugano \...56.--.--- 
Enzyme 


Hashimoto ...... 


s, @- and B- 


ion, properties, 
electrophore- 


dae reoeesccercceesere 


s, crystalline 


fumarase, denaturation and inac- 


tiva 
NUKES <3, -Mdesesvcnscs esse 
—, —, bacterial 


tion, Inagaki, Masuda and Oku- 


Ce cerceneesssescesces 


proteinase, in- 


activation and degradation, IJnagaki, 


Masuda and Okunuki 


er eeeorsesesecscsees 


Heme—, rat liver, iron incorpo- 


ration, Minakami ... 


aoe aes ercceesseeres 


Metabolism, regenerating liver, 
Ogata, Shimizu, Nishiyama and To- 
BOSRE ocensasanoenssosnetem 


cles, spontaneous 
ribonuclease activity, Tashiro......... 


Proteinase : 


Penner con eeeesascnree 


Microsomal ribonucleo — parti- 


degradation, 


—, physicochemical charac- 


teristics, degradation, Tashiro ...... 


serum—, albumin, turbidometric 


titration, species specificity, Sogami 
Silk—, Formation, silkworm, 


larva, glyoxylic acid 


» conversion to 


glycine, Fukuda and Hayashi ......... 


Bacterial —, baker’s 


yeast, cytochrome c, oxidized form, 
digestion, Mizushima, Nozaki, Horio 


and Okunuki ............ 


tion 
Masuda and Okunuki 


eee ceeeesceeserrerece 


—, crystalline fumarase, inactiva- 
and degradation, Jnagaki, 


Seow seeeeeeeesceronse 


429 
453 
529 
393 


667 


1029 


581 


937 
803 


349 


469 


845 
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P (cont'd) 

—: —, Bacillus subtilis, crystalline 
trypsin, comparison, Hagihara, Nakai, 
Matsuiara, Komaki, Yonetani and Oku- 
nuki 


wee went em wecoew eer ercevesesccccesreerceese 


—: Catalase imactivation, digests, 
properties, - Aas s. 5205-20225; s<cnncosne 
—: Crystalline bacterial --, Amino 


—: —, Bacillus subtilis, preparation, 
Hagihara, Matsubara, Nakai and 


—: —, diisopropyl fluorophosphate, 
reaction, Matsubara and Nishimura... 
—: Streptomyces griseus, hemoglobin, 
hydrolysis, -arginine-containing pep- 
tides, Sasakawa and Satake ..........-- 
Pseudomonas aeruginosa: Hydroquinone 
oxidase, two types, Higashi 
—-—: Terminal oxidation sysiem, 
cytochrome, purification, Horio...... 
— —: —, purified, cytochromes, pro- 


— and pyrimidine bases, 
and nucleosides, ultraviolet absorp- 
tion spectra, bromination, effect, 


—: Requirement, Leuconostoc mesen- 
teroides P-O, growth, antimetabo- 
lites, effect, Okuda and Sawa ....... = 

Pyrimidine: See Purine 

Pyruvic acid: Photesynthesis and — 

assimilation, action spectra, 

Rhodopseudomonas palustris, Takamatsu 

and. Morita ....... Di acstatcereneancsasersee 


— 


305 


815 


211 


413 


185 


251 


503 


1021 


341 


R 
Rabbit: Urine, acidic substances, 
catechin, adminidtration, Oshima, 
Watanabe and Isakari .................-.-- 


—, neutral substances, catechin 
administration, Oshima and Watanabe 
Radish: Peroxidase, coniferyl alchol, 
dehydrogenation products, Higuchi 
and Ito ; 
Rat: Liver, heme and hemeproteins, 
iron incorporation, Minakami......... 


Pe ee eee nereweceeeoc esa ecesccsesesecoes 


—: —, heparin, sulfuric acid, in- 
corporation, in vitro, Sato, Suzuki, 
Fukuyama and Yoshikawa ............++. 

Rainbow-trout: Aduit and immature, 

breeding season, testis cell nuclei, 

basic proteins, Ando and Hashimoio... 

: Testis, cell nuclei, 

change, Ando and Hashimoto ......... 

Reflection: Intact biological materi- 
als, measurement, Shibata ............ 

Rhodopseudomonas palustris: Acetic acid, 
aerobic metabolism, Morita............ 

—: Photosynthesis, pyruvic acid assi- 
milation, action spectra, Takamatsu 
and) Martha yi. nq -ss02<+-caseqsecansssene tener 

Rhus-laccase: See Laccase 

Ribonuclease: — activity, microsomal 
ribonucleoprotein particles, degra- 
dation, Tashiro ..... psececnesecedsersoneae 

- and trypsin, microsomal 
ribonucleoprotein particles, degra- 
dation, Tashiro 

Ribonucleic acid: Azotobacter vinelandii 
and tobacco mosaic virus, strepto- 
lysin-forming activity, Tanaka, E- 
gami, Hayashi and Maekawa............ 

——: Hemolysin formation, enzymic 


protein, 


eeecccoceesceccecsescercces 


digestion, effect, Tanaka, Hayashi 
and Egami..............0..ccecse-seses eenees 
— —: Tobacco mosaic virus, Tanaka 
and Usami......- PCO suoveteeme weavesbsvoee A 


861 


973 


575 


833 


237 


553 


529 


599 


651 


S41 


593 


97 


XXil 
R (cont’d) 
Ribonucleoprotein particle: Micro- 
somal — ——~s, degradation, ribo- 
nuclease activity, Tashiro ............ 


—-—2:  -, physicochemical character- 
istics, ribonuclease and trypsin, de- 


@radations Lashtr0.....2s-ccsecseeze sna -= 


Ss 


Salmine: See Protamine 


Serum: —protein, albumin, turbido- 
metric titration, species specificity, 
DORON amasaen ste tavescsecsetetreerstaaeeers a0 

—:  —, bovine albumin, subfraction, 
turbidometric titration, Sogami ...... 

—:  Trypsin-inhibitor, inactivation, 
bile and bile acids, Nishi 

— base, lipids, colo- 


Sphingosine: 
rimetric determination, Sakagami ... 
Silk: Fibroin, biosynthesis, glycine- 
1-C,4, incorporation, in vive, Shimura, 
Fukai, Suto and Hoshi 
Silkprotein: See Protein 
Silkprotein forma- 
tion, glyoxylic acid, conversion to 


Silkworm larva: 


glycine, Fukuda and Hayashi ......... 
Slice: 


phorus fractions, radioactive phos- 


Brain, protein-bound phos- 
phate incoporation, metabolic ac- 
tivity, relation, Tsukada, Takagaki 
ANAMIAITANO Pumaretetes sor eereowewnctae te ee tox 
Guinea pig: Brain, metabolism, in- 

hibitors, effect, Takagaki, Hirano 

andi Tisukada’ secs viscevct=scdeesdstet ees 
Streptolysin: — forming activity, en- 
zymatically synthesized polynucleo- 
tides, Azotobacter vinelandii and to- 
virus, ribonucleic 
acids, Tanaka, Egami, Hayashi and 
IMIGEK GW aMacee te scan ccdeusccaskt peteecteae ees 


bacco mosaic 


—: — 5S, hemolysin formation, ribo- 
acid, enzymic digestion, 
effect, Tanaka, Hayashi and Egami... 


nucleic 


899 


803 


349 


367 


699 


313 


481 


469 


489 


41 


593 


97 
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—: — S, streptolysin formation, 
active substance, fractionation and 
properties, Tanaka.........--+.0-+000+ ie 

Streptomyces: Ethoxyethene-1, 2-dicar- 
boamide,. metabolite, Sekizawa ...... 

—: Trans-cinamic acid amide, me- 
tabolic products, Sekizawa ..........-. 

Streptomyces griseus: Proteinase, hemo- 
globin, hydrolysis, arginine-contain- 
ing peptides, Sasakawa and Satake... 

Streptomyces Cholic acid, 
degradation, Hayakawa, Saburi and 
TAOSHR SMa tesar a ep toese cers aaen neers 

—, —, products, separation 
and identification, Hayakawa, Saburi 
and Tamakt castes ane: pre aor casndh 

Succinooxidase: Bacillus megaterium 
KM, localization, Nakada, Nozu and 


rubescens : 


Sulfuric acid: 
liver heparin, in vitro, Sato, Suzuki, 
Fukuyama and Yoshikawa 

Sweet potato: f-amylase, heart-in- 
activation, inorganic and organic 

effect, Nakayama and 

KONO a coteccee cases caiee saoees «atteenantemen 


Incorporation, rat 


Reet tere eeesone 


substances, 


See Virus 
—cell, nuclei, rainbow-trout, 


Tobacco mosaic virus: 
Testis : 
adult and immature, breeding sea- 
son, basic proteins, Ando and Hashi- 
INDO caovecsnetoeds tees anaedsccunteene Taree 
—:  Rainbow-trout, spermatozoa 
forming, cell nuclei, protein, change, 
Ando and Hashimoto .............00c0000 
Thixotrophy: Apparatus, biocolloid, 
study, Matsumiya and Tanisaka ...... 


Thyroxine: 1t-—, labeled bovine 
plasma albumin subfractions, bind- 
ING 1 SOgAMIs. cos. .5 os due Rese 

Tissue: Hard S, growing bone, 


dietary calcium, incorporation, rate, 


109 


73 


867 


465 


419 


751 


237 


243 


453 


529 


333 


461 
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T (cont'd) 

Tsurufuji 
Transaminase: Heart muscle, optically 
sactive essential amino acid, enzy- 
matic preparation, Sakurai ............ 
Trans-cinamic acid: — — amide, 
Streptomyces, metabolic product, Seki- 


Preece eee e emcees esseesesssaseeees 


Transmission: Intact biological mater- 


ials, measurement, Shibata ............ 
Tripeptide: See Peptide 
Trypsin: Crystalline —, crystalline 
bacterial proteinase, comparison, 
Hagihara, Nakai Matsubara, Komaki, 
Yonetani and Okunuki .......2..-..-220205+ 
—:  —inhibitor, serum, bile and bile 
acids, inactivation, Nishi............... 
—: Ribonuclease and —, micro- 
somal ribonucleoprotein particles, 
egradation, : F:dSAii0 sc. 025<00%o-8202s0. 
—: —tic digestion, ovalbumin, fatty 
AGIGS,pehect, Kondo. ..2sc.0cccsqcocccaces 


Turbidometric titration: Serum pro- 


tein, bovine albumin, subfraction,. 


WOU ATO Sabha cs ono oe Ore 

—: —, serum albumin, species _ 

SPECIICILY, SOBAMId. 0. 5-~-<5--.-s20acboo ce 
U 

Ultraviolet absorption spectra: Purine 


and pyrimidine bases, nucleosides, 
bromination, effect, Suzuki and Ito 
Urea: — and other nitrogenous com- 
pounds, Chlorella elipsoidea, nitrogen- 
starved cell, metabolism, Hattori ... 
—: Colorimetric determination, argi- 
nase, relation, Nadai 
—: Lysozyme, denaturation, Hama- 


eae ee esascesecses 


ID UGE Ramee tae aca ene conan eer eer an--4--= 5a. 
Urine: Dog, p-aminobenzoxyglucuro- 
nide, franose structure, Nakao, Nakao 
and Nakajima 
—: Rabbits, 


POreereere terre ee rere reer) 


acidic substances, 


379 


599 


305 


699 


803 


151 


367 


349 


403 


57 


387 


79 


207 


catechin, administration, Oshima, 
Watanabe and Isakari...........c1.0-0000+ 
—: —, neutral substances, catechin, 


administration, Oshima and Watanabe 


Vv 


Valine: 1L-—andt-leucine, enzymatic 
preparation, Sakurats....+.s6.0.e ees 
Habu (Crotalidae), zone ele- 
ctrophoresis, Ohsaka ..2c..2..03-2as-en-08 
Vitamin: — B,, allithiamine, vegi- 
tables, allin hemologues, Fujiwara, 
Yoshimura, Tsuno and Murakami...... 
Virus: Tobacco mosaic —, ribo- 
nucleic acid, Tanaka and Usami...... 
streptoiysin-forming 


Venom: 


> 3 


sctiviiy, Tanaka, Egami, Hayashi and 
Mek aw0a .. 22 +.cacusss¢-¢aeatteeee ener 
Virustatic agent: Antiviral activity, 
phage / bacterium system, interpre- 
tation, Maruyama 


eee eee eee ers 


Ww 
Whale: Heart muscle, crystalline 
cytochrome c, preparation, Mina- 
KQMt ..ocsenseeonss+accssasasecoerseeceererames 
Y 
Yeast: Baker’s—, cytochrome c, oxi- 


dized form, bacterial proteinase, 
digestion, Mizushima, Nozaki Horio 
and Okunukt icc 5.x ses cudesessasese toe 
—: —, —, proteinase, digestion, 
None. Mizushima, Horio and Oku- 
nuki 


pecan ene e ree en rer eee tease eecenuseeeesases 


—: Hexokinase, adenosine tripho- 
sphate, determination, IJmamoio, 
dwasa: and Okunuktpeccccscesceceteseee oe 


—: Glycyl-clycine dipeptidase, bi- 
valent metal ions, activation and 
inhibition, WNisht<-.2----:-2ssssseseteeeee 

—: Respiring —, terminal oxidation 
system, cytochrome bg, lactate and 


TH 


861 


973 


379 


259 


141 


S11 


305 


177 


547 


845 


815 


65 
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Y (cont’d) Horio and Okunuki 


ceaese consensee tease nee 291 
malate, dehydrogenation, role, Ya- 
mashita, Horio and Okunuki ............ 707 Z 
--: Terminal oxidation system, cyto- Zone electrophoresis: See Electropho- 


chrome bp, action, role, Yamanaka, resis 


